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RESUMO 
O objetivo desse trabalho in vitro foi avaliar a incorporação de dois 
agentes anti-cárie, Apigenin (Api) e tt-Farnesol (Far), em adesivos dentinários, resina 
composta (CO) e cimento resinoso (CE), e o seu efeito na redução da virulência do 
Streptococcus mutans, na adesão dos adesivos à dentina, e nas propriedades 
mecânicas dos CO e CE. Api (1 mM) e Far (5 mM) foram adicionados separados ou 
em combinação à um adesivo autocondicionante (Clearfil S3 Bond Plus: CS3) e à 
um convencional (OptiBond S: OPT). Api (5 mM) e Far (5 mM) também foram 
adicionados separados ou em combinação, com ou sem flúor (F) ao CO e CE e 
comparados aos controles sem adições. Biofilme de S. mutans foi crescido na 
superfície de discos de adesivo-hidroxiapatita e em discos de CO e CE. Após 115h 
de incubação, a viabilidade bacteriana, peso seco, polissacarídeos (insolúveis, 
solúveis e intracelulares), e proteína foram quantificados. Imagens qualitativas em 
MEV foram obtidas do biofilme. Resistência de união foi avaliada e imagens em 
MEV da interface adesivo-dentina foram obtidas. S. mutans foi crescido na superfície 
de cavidades classe I restauradas com CO ou CE. Após incubação, foram 
observados a desmineralização cariosa e a infiltração bacteriana ao longo do gap de 
contração em microscopia confocal. Em adição, a resistência à flexão e modulo de 
elasticidade do CO e CE foram determinados. Os adesivos, CS3 com Api ou 
Api+Far, e OPT com Api ou Far reduziram o peso seco do biofilme de S. mutans. Os 
polissacarídeos insolúveis reduziram com a adição de Api ao CS3 e Far ao OPT. Os 
polissacarídeos intracelulares reduziram com a adição de Api e Api+Far ao CS3. 
Nenhuma diferença foi observada nas proteínas ou nos polissacarídeos solúveis. A 
resistência de união ou a interface adesivo-dentina não foram alterados comparados 
aos grupos controles. No caso do CO e CE, a viabilidade bacteriana reduziu para o 
CE com Api+Far+F. O peso seco e os polissacarídeos insolúveis e intracelulares 
foram reduzidos com a adição de Api, Api+Far ou Api+Far+F para ambos os 
materiais. As proteínas reduziram com a adição de Api ou Api+Far ao CO,  e Api ou 
Far ao CE. Nenhuma diferença foi observada nos polissacarídeos solúveis, 
resistência flexural, modulo de elasticidade, ou infiltração bacteriana para o CO e 
CE. Entretanto, uma menor fluorescência do esmalte remanescente foi observada 
para o CO e CE contendo as adições, e as imagens de MEV confirmaram um 
biofilme mais denso dos grupos controles para todos os materiais testados. CS3 
com Api ou Api+Far e, CO ou CE com Api, Api+Far ou Api+Far+F mostraram uma 
maior redução na virulência do S. mutans. O efeito da incorporação desses 
compostos naturais é material dependente; entretanto, as adições não interferiram 
com a performance de adesão dos adesivos ou com as propriedades mecânicas do 
CO ou CE. Nenhuma adição foi capaz de suprimir a atividade do S. mutans, mas a 
incorporação de Api e Far em materiais restauradores pode ser uma abordagem 
promissora para melhorar as propriedades cariostáticas quando o esmalte ainda 
está presente.  
 
 
Palavras-chave:  Cárie dental, Streptococcus mutans, resinas compostas, cimentos 
resinosos, adesivos dentinários, apigenina e farnesol. 
ABSTRACT 
The aim of this in vitro study was to evaluate the incorporation of two anti-
caries agents, Apigenin (Api) and tt-Farnesol (Far) into dental adhesives, a resin 
composite (CO), and a resin cement (CE), and its effect on the virulence of 
Streptococcus mutans, bonding performance to dentin, and mechanical properties of 
the CO and CE. Api (1 mM) and Far (5 mM) were incorporated separately, or in 
combination, into a self-etch adhesive (Clearfil S3 Bond Plus: CS3), and an each-
and-rinse adhesive (OptiBond S: OPT). Api (5 mM) and Far (5 mM) were also 
incorporated separately or in combination, with or without fluoride (F), into CO and 
CE and compared to controls without additives. S. mutans was grown to form a 
biofilm on the surface of adhesive-coated hydroxyapatite, on CO or CE disks. 
Following 115 h of incubation, bacterial viability, dry-weight, polysaccharide 
composition (alkali soluble, water soluble and intracellular), and total protein content 
were quantified. Qualitatively SEM images from the biofilms were obtained. Bond 
strength was measured and SEM images of the dentin-adhesive interface were 
obtained. S. mutans biofilm was grown on the surface of class-I cavities restored 
using CO or CE. After incubation, was observed the carious demineralization and 
bacteria infiltration through a contraction-formed gap along the restoration margin, 
using confocal microscopy. In addition, the flexural strength and elastic modulus of 
CO and CE were determined. The adhesives, CS3 with Api or Api+Far, and OPT with 
Api or Far, reduced the dry-weight of S. mutans biofilm. Insoluble polysaccharide 
reduced with the addition of Api to CS3 and Far to OPT. Intracellular polysaccharide 
was also decreased by the addition of Api and Api+Far to CS3. No differences were 
observed in the total amount of protein or soluble polysaccharide. In addition, neither 
the bond strength nor the dentin-adhesive interfacial morphology was altered 
compared to the control groups. In the case of CO and CE, the bacterial viability 
reduced for CE with Api+Far+F. Dry-weight and insoluble and intracellular 
polysaccharides were reduced by the addition of Api, Api+Far or Api+Far+F for both 
materials. The amount of protein declined with the addition of Api or Api+Far to CO, 
and Api or Far to CE. No differences were observed in the soluble polysaccharides, 
flexural strength, elastic modulus, or bacteria infiltration for CO or CE. However, 
lower fluorescence of the remaining enamel was observed for both CO and CE 
groups with additives, and SEM images confirmed that the densest biofilms were 
observed in the control groups for all materials tested. CS3 with Api or Api+Far and, 
CO or CE with Api, Api+Far or Api+Far+F showed the greatest reduction of S. 
mutans virulence. The effect of incorporation of these natural compounds is material-
dependent; however, the additives did not interfere with adhesive-bonding 
performance or with the mechanical properties of the CO or CE. No additive was able 
to completely suppress S. mutans activity, but the incorporation of Api and Far into 
restorative materials appears to be a promising approach for enhancing cariostatic 
properties when remaining enamel is present.   	
Keywords:  Dental caries, Streptococcus mutans, composite resins, resin cements, 
dental adhesive, apigenin and farnesol. 
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1 INTRODUÇÃO 
Um dos pré-requisitos para o sucesso das restaurações é o completo 
selamento da interface adesiva (Imazato, 2003). As falhas na união provocadas pela 
contração de polimerização ou pela degradação dos adesivos levam à formação de 
fendas marginais entre a cavidade e o material restaurador (Carvalho et al., 1996; 
Meira et al., 2007; Reis et al., 2010), por onde pode ocorrer a infiltração das 
bactérias (Imazato, 2003; Shinohara et al., 2006; Shinohara et al., 2009;). 
Dependendo das condições orais, como a presença de biofilme e consumo 
frequente de açúcares fermentáveis, pode-se iniciar uma lesão cariosa recorrente na 
região dessas fendas da parede cavitária (Bowen and Pearson, 1992; Lingstrom et 
al., 2000).  
As lesões de cárie nas margens das restaurações (“cáries secundárias”) 
estão entre as principais causas de substituição de restaurações (Ferracane, 2013) 
e por esse motivo a associação de agentes antimicrobianos aos sistemas adesivos 
ou às resinas compostas pode ser uma alternativa para a prevenção da cárie 
recorrente. Esses materiais poderiam diminuir a colonização e o crescimento 
bacteriano e a produção de seus ácidos causadores da desmineralização dental, 
reduzindo a substituição de restaurações (Cocco et al., 2015). A incorporação de 
agentes antimicrobianos parece trazer benefícios aos procedimentos restauradores 
como tem sido observados por alguns estudos ( Carrilho et al., 2007; Andre et al., 
2015; Cocco et al., 2015; André et al., 2017).  
Entretanto, alguns agentes antimicrobianos, com amplo espectro de ação, 
vem sido adicionados aos materiais restauradores negligenciando a importância dos 
microrganismos residentes que estão relacionados com saúde, e 
concomitantemente podendo selecionar as bactérias resistentes, gerando resultados 
indesejáveis na saúde oral ( McDonnell and Russell, 1999; Falsetta et al., 2012). 
Portanto, o desenvolvimento de terapias de alvo-específico, visando a atenuação da 
virulência microbiana é mais desejável e pode contribuir com a redução da cárie 
dental ( Koo and Jeon, 2009; Freires et al., 2015).  
A virulência do Streptococcus mutans está diretamente relacionada com a 
sua habilidade em formar um biofilme aderente a superfície do dente, em produzir 
grandes quantidades de ácidos orgânicos (acidogenicidade), e em tolerar o 
ambiente ácido (aciduricidade) (Bowen, 2002; Quivey et al., 2000; Lemos et al., 
2005). S. mutans nem sempre é dominante no biofilme, mas na patogênese da 
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doença, ele pode arquitetar uma matriz polimérica insolúvel na presença de 
açúcares, denominada matriz de exopolissacarídeos (EPS), que age como uma 
estrutura de suporte e barreira à difusão de soluções tampões na estrutura do 
biofilme (Falsetta et al., 2012; Koo et al., 2013; Kim et al., 2015). Essa matriz 
presente em biofilmes cariogênicos é reconhecida como um fator essencial de 
virulência e está associada ao início do biofilme cariogênico (Kim et al., 2015).  
A matriz do biofilme dental é rica em polissacarídeos, solúveis e 
insolúveis, estruturalmente complexos e compostos por glucanos sintetizados pelas 
enzimas glucosiltransferases microbiana (Gtfs) (Jeon et al., 2009). Pelo menos três 
Gtfs são produzidas pelo S. mutans: GtfB que catalisa glucanos insolúveis, GtfC que 
catalisa tanto glucanos solúveis como insolúveis, e a GtfD que catalisa glucanos 
solúveis (Koo et al., 2002; Koo et al., 2010; Krzysciak et al., 2014). Os glucanos 
produzidos pelas Gtfs do S. mutans (particularmente GtfB e GtfC) promovem sítios 
de ligações específicas durante a colonização bacteriana da superfície dental e entre 
eles, assim, contribuindo para o desenvolvimento do biofilme cariogênico (Jeon et 
al., 2009). 
As estratégias de controle do biofilme baseadas na redução da virulência 
bacteriana são novas abordagens alternativas às terapias tradicionais baseadas no 
uso de bactericidas. Neste contexto, o uso de compostos naturais na Odontologia é 
uma alternativa muito estudada e promissora no controle das infecções orais 
biofilme dependentes (Jeon et al., 2009; Jeon et al., 2011). Como expressão desta 
abordagem terapêutica alternativa com compostos de origem natural, a Apigenina e 
o tt-Farnesol (Figura 1) são exemplos bem sucedidos de antimicrobianos orais cujo 
uso terapêutico está determinado na literatura e possui patentes em mais de 12 
países (Bowen et al., 2001; Jeon et al., 2009). Em adição, esses compostos são 
considerados não-mutagênicos e não-tóxicos, in vitro e in vivo (Koo et al., 2002; Koo 
et al., 2003).  
A associação destes dois agentes naturais e a associação deles com o 
flúor pode evitar ou reduzir a formação da matriz de exopolissacarídeos e a 
diminuição da acidogenicidade do S. mutans no biofilme (Jeon et al., 2009), sendo 
esta uma estratégia baseada na interconexão das atividades biológicas, que 
resultaria na redução da cariogenicidade do biofilme oral. A Apigenina é um potente 
inibidor da produção dos glucanos da matriz do biofilme, enquanto que o tt-Farnesol 
e o flúor atuam na permeabilidade da membrana do S. mutans, afetando a sua 
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atividade glicolítica, na produção e secreção das Gtfs e na produção de ácidos. A 
combinação dos agentes naturais com os fluoretos resultou em aumento das 
propriedades cariostáticas in vivo, pouco afetando a microbiota oral residente (Jeon 
et al., 2009; Koo et al., 2005). Tanto a Apigenina (4’,5,7-trihidroxiflavonóide, um 
flavonóide) quanto o tt-Farnesol (trans, trans-3,7,11-trimetil-2,6,10-dodecatren-1-ol, 
um sesquiterpeno) são compostos de origem natural encontrados no própolis 
brasileiro (Apis mellifera) (Koo et al., 2002; Koo et al., 2003). Eles apresentam 
atividades biológicas distintas e são identificados como agentes com potenciais anti-
biofilme e anti-cárie (Koo et al., 2003).  
 
 
Apigenina e tt-Farnesol (Figura 1), sozinhos ou em combinação, 
mostraram propriedades cariostáticas em ratos sem afetar significantemente a 
viabilidade microbiana da cavidade oral dos animais (Koo et al., 2002; Koo et al., 
2005). De acordo com Jeon et al. (2009), a Apigenina em combinação com o tt-
Farnesol possui atividade antimicrobiana contra células planctônicas e do biofilme de 
S. mutans com redução das propriedades acidogênicas e acidúricas; efeito inibitório 
da atividade das Gtfs; redução do desenvolvimento de cárie em ratos infectados com 
S. mutans ou S. sobrinus; redução do acúmulo de biofilme humano e seu conteúdo 
de exopolissacarídeos insolúveis.  
Vários trabalhos têm demonstrado o potencial desses agentes naturais, 
que parecem ser promissores na Odontologia (Koo et al., 2000; Koo et al., 2003; 
Koo et al., 2002; Koo & Jeon, 2009; Jeon et al., 2011). Entretanto, estas substâncias 
ainda não foram estudadas quando adicionadas à materiais restauradores 
odontológicos. Uma vez que a adição destes compostos não afetem as propriedades 
químicas e mecânicas dos materiais restauradores, os resultados poderão ser 
importantes para a longevidade das restaurações adesivas, sem interferir com os 
Figura 1. Compostos naturais derivados do própolis brasileiro. (A) Apigenina. (B) tt-Farnesol. 
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microrganismos residentes e sem proporcionar resistência bacteriana.   
Portanto, este trabalho tem como objetivo adicionar a Apigenina e o tt-
Farnesol em materiais restauradores (adesivos dentinários, resina composta e 
cimento resinso) e analisar o efeito das adições na virulência do biofilme de S. 
mutans e nas propriedades físico-químicas e mecânicas dos materiais.
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ABSTRACT 
Objectives: The aim of this in vitro study was to analyze the effect of the 
incorporation of two anti-caries agents into dental adhesives on the reduction of the 
virulence of Streptococcus mutans and on the adhesion to dentin. Methods: 
Apigenin (1 mM) and tt-Farnesol (5 mM) were added separately and in combination 
to a self-etch adhesive (CS3 - Clearfil S3 Plus) and to an each-and-rinse adhesive 
(OPT - Optibond S). Biofilm of S. mutans was grown on adhesive-coated 
hydroxyapatite disks for 115 h and bacterial viability, dry-weight, alkali soluble, water 
soluble and intracellular polysaccharides, and protein were quantified. Bond strength 
and dentin-adhesive interface were performed to analyze the effects of the 
incorporation on the physical properties and to identify changes in hybrid layer 
morphology. Results: Addition of Apigenin and Apigenin+tt-Farnesol to CS3, and 
Apigenin or tt-Farnesol to OPT reduced the dry-weight of S. mutans biofilm. Insoluble 
polysaccharide decreased with the addition of Apigenin to CS3 and tt-Farnesol to 
OPT. Intracellular polysaccharide decreased with addition of Apigenin and 
Apigenin+tt-Farnesol to CS3. No changes in dentin bond strength, resin-dentin 
interfacial morphology, total amount of protein and soluble polysaccharide were 
observed with the additions. Significance: Biofilms that are less cariogenic around 
dental restorations could decrease secondary caries formation; in addition, the 
reduction of virulence of S. mutans without necessarily killing the microorganism is 
more unlikely to induce antimicrobial resistance. 
 
Keywords:  Dental adhesives; bacterial virulence; caries; Apigenin, tt-Farnesol 
HIGHLIGTHS 
• Addition of two anti-caries agents, Apigenin and tt-Farnesol, that are less likely 
to induce bacterial resistance into dental adhesives. 
• Modulation of the virulence of Streptococcus mutans biofilm without killing the 
target organism. 
• Decrease in the amount of alkali soluble and intracellular polysaccharides of S. 
mutans biofilm by adhesives containing the anti-caries agents. 
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1 INTRODUCTION  
 To overcome the disadvantages of composites restorations, such as 
contraction gaps and bonding degradation that may lead to secondary caries 
formation and restoration failure, restorative materials containing antibacterial agents 
have been developed [1, 2]. Substances with broad antimicrobial spectra have been 
added to these restorative materials with no concern regarding the oral health 
resident bacteria and the promotion of bacterial resistance. Two compounds derived 
from Brazilian propolis, Apigenin and tt-Farnesol, are described in the literature as 
potential anti-caries agents [3-5] which do not exert a significant effect on the viability 
of the oral microbiota population, and have been considered for new approach to 
antimicrobial therapy [3].  Also, propolis is a nontoxic natural beehive product, and 
these compounds have shown to be non-mutagenic and non-toxic, in vitro and in vivo 
[4, 6]. 
 Streptococcus mutans does not always dominate within plaque, 
however, in the pathogenesis of the disease, it can assemble an insoluble polymeric 
matrix in the presence of sucrose, the exopolysaccharides (EPS) that act as a 
supportive framework and barrier to diffusion [7-9] within the oral biofilm structure. 
The matrix of cariogenic biofilms are recognized as essential virulence factors 
associated with the initiation of cariogenic biofilm [7], and the main constituents of 
this matrix are polysaccharides [8, 10], mostly glucans synthesized by microbial 
glycosyltransferases (Gtfs) [5]. At least three Gtfs are produced by this bacterium: 
GtfB that synthesizes mostly insoluble glucans, GtfC that synthesizes a mixture of 
insoluble and soluble glucan, and GtfD that synthesizes mostly soluble glucans [6, 11, 
12].  
According to Koo et al. (2003), Apigenin (4’,5,7-trihydroxyflavone) is a 
potent inhibitor of Gtfs B and C and has virtually no antibacterial activity against S. 
mutans [4]. tt-Farnesol, a natural sesquiterpene (3,7,11-trimethyl-2,6,10-dodecatrien-
1-ol), disrupts the proton permeability of the S. mutans membrane, affecting the 
production and secretion of Gtfs and acidurance [4, 5]. In addition, the combination of 
fluoride with these two compounds showed a reduction in the virulence of S. mutans 
[3].  
Regarding the effects of these two natural compounds from propolis, the 
incorporation of both into a dental restorative material could yield benefits in terms of 
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enhanced durability of composite restorations, mainly in areas where biofilms 
accumulate, such as the interproximal and cervical regions of the teeth. Therefore, 
the aim of this in vitro study was to incorporate two anti-caries agents, Apigenin and 
tt-Farnesol, into fluoride-containing dental adhesives in order to analyze their effect 
on the virulence of S. mutans biofilms, as quantified by polysaccharide production, as 
well the bonding to dentin.    	
2 MATERIALS AND METHODS 
2.1 Anti-caries agents addition 
Two anti-caries agents were added alone or in combination to two 
commercial dental adhesives containing fluoride. Apigenin (Api, CAS: 520-36-5, lot 
number: SLBL4733V) was added at 1 mM and tt-Farnesol (Far, CAS: 106-28-5, lot 
number: MKBQ3298V) at 5 mM; both compounds were obtained from Sigma Aldrich 
(St. Louis, MO, USA). These concentrations were chosen based on previous 
published data [3]. The compounds were added into the bottle of each adhesive and 
blended with vortex mixer (AP-56, Phoenix Luferco, Araraquara, SP, BR). A total of 
eight groups were evaluated: (1) Clearfil S3 Bond Plus (CS3, Kuraray Noritake 
Dental Inc., Tokyo, Japan) with no addition; (2) CS3 with Api; (3) CS3 with Far; (4) 
CS3 with Api and Far; (5) OptiBond S (OPT, Kerr Corporation, Orange, CA, USA) 
with no addition; (6) OPT with Api; (7) OPT with Far and (8) OPT with Api and Far. 
The lot numbers, compositions and application technique of the adhesives are 
described in Table 1. 
 
2.2 Biofilm of Streptococcus mutans assay 
Dental adhesives (30 µL) were applied on hydroxyapatite disks (10 mm 
diameter x 2 mm thick, Clarkson Chromatography Products Inc., South Williamsport, 
PA, USA), previous autoclaved, and light activated (Valo, Ultradent Products Inc., 
South Jordan, UT) with radiant exposure of 15 J/cm2 on each side, and biofilms of S. 
mutans UA159 were formed on the disks (n = 6). A negative control group, a 
hydroxyapatite disk with no adhesive applied, was included to analyze the effect of 
the adhesive composition itself, with no additions, on biofilm formation. Human whole 
saliva was collected from one donor (approved by Institutional Ethics committee, 
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CEP-FOP/UNICAMP # 047/20141), clarified by centrifugation (10000 g, 4°C, 10 min), 
sterilized and diluted (1:1) in adsorption buffer (AB – 50 mM KCl, 1 mM KPO4, 1 mM 
CaCl2, 0.1 mM MgCl2, pH 6.5), and supplemented with the protease inhibitor 
phenylmethylsulfonyl-fluoride (PMSF) at a final concentration of 1 mmol/L. The disks 
were placed in a vertical position in 24-well plates and inoculated with approximately 
2 × 106 CFU/mL in low molecular weight media (buffered ultrafiltered - 10 kDa cutoff 
membrane; Prep/Scale; Millipore, MA, USA, of tryptone and yeast extract, pH 7.0, 
with 1% (w/v) sucrose), at 37°C, 5% CO2 [4]. The biofilms were grown undisturbed 
during 24 hours, and then the culture media was replaced daily for 5 days (total of 
115 h of growth). After this period of time, the biofilm was collected and processed to 
count the viable cells (CFU), to calculate the dry-weight (biomass), to assess the total 
amount of polysaccharides (alkali soluble, water soluble and intracellular), and 
protein quantification (Micro BCA™ protein assay kit, Thermo Fisher Scientific, 
Waltham, MA, USA) using colorimetric assays [4]. Alkali soluble and water soluble 
were extracted and measured using glucose as standard, and glycogen was used to 
quantify the intracellular polysaccharides. Additional disks were analyzed using 
scanning electron microscopy (SEM - JSM-5600, JEOl Inc., Peabody, MA, USA). 
The 115 h old biofilms were rinsed in sterile 0.9% NaCl then fixed with a 4% 
glutaraldehyde solution (v/v, in phosphate buffered saline PBS, pH 7.4) for 24 h. 
Biofilms then were dehydrated in ascending ethanol concentration (50, 70, 90, and 
100%), dried for 24 h, and sputter coated with gold (SCD 050, Bal-Tec AG, Balzers, 
Liechtenstein).  
 
2.3 Dentin bond strength 
Eighty caries-free human third molars were obtained (under a protocol 
approved by the same review board of the Institutional Ethics Committee). The teeth 
were sectioned with a diamond saw (Buehler, Lake Bluff, IL, USA) under water-
cooling to remove the roots and the occlusal enamel (median depth). The dentin 
surfaces were abraded with 600-grit silicon carbide paper under water lubrication for 
10 s to standardize the smear layer formation and teeth were randomly divided into 
eight groups (n = 10). The adhesive systems were applied according to the 
manufacturer’s instructions (Table 1) and 4 mm high resin composite blocks were 
incrementally built-up over the bonded dentin using two 2-mm-thick layers of resin 																																																								
1 ANEXO 2. 
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composite (shade A2, Herculite, Kerr Corporation, Orange, CA, USA). A light-curing 
unit (Valo, Ultradent Products Inc., South Jordan, UT) with radiant exposure of 15 
J/cm2 in standard mode (1474.2 mW/cm2, 10 s, determined by Marc patient simulator 
- Marc PS, BlueLight Analytics Inc., Halifax, Canada), was used to individually 
polymerize the adhesives and the composite.  
Table 1. Adhesive systems composition (information supplied by the manufacturer), 
classification, batch number and application technique. 
Adhesive 
(classification) – 
Abbreviation  
Manufacturer (lot 
number) Composition 
Application 
technique 
Clearfil S3 Bond 
Plus (single step 
self-etch) – CS3 
Kuraray Noritake 
Dental Inc., 
Tokyo, Japan 
(00032C) 
Bisphenol A 
diglycidylmethacrylate, 2-
hydroxyethyl methacrylate, 
ethanol, sodium fluoride, 10-
methacryloyloxydecyl 
dihydrogen phosphate, 
hydrophilic aliphatic 
dimethacrylate, hydrophobic 
aliphatic methacrylate, 
colloidal silica, dl-
camphorquinone, 
accelerators, initiators and 
water 
Apply bond for 10 s; 
dry with mild 
pressure air flow for 
5 s and light-cure 
for 10 s. 
OptiBond S (two-
step etch-and-rinse) 
- OPT 
Kerr 
Corporation, 
Orange, CA, 
USA 
(4766749) 
Alkyl dimethacrylate resins, 
barium aluminoborosilicate 
glass, fumed silica (silicon 
dioxide), sodium 
hexafluorosilicate and ethyl 
alcohol. 
Etch dentin for 15 
seconds with 37.5% 
phosphoric acid; 
rinse thoroughly; 
dry lightly; apply 
adhesive for 15 s, 
using light brushing 
motion; air flow for 
3 s and light-cure 
for 20 s. 
 
Additional teeth (n = 2) were restored as previously described to analyze 
the dentin-adhesive interface. Restored teeth were stored in deionized water at 37oC 
for 24 h and sectioned into 1.0 mm thick slabs. Each slab was further sectioned 
perpendicularly to produce beams of approximately 1.0 mm2 in cross section. Half of 
the beams were tested after 24 h of storage in deionized water and the other half 
were tested after 1 year of storage. The beams were tested in tension in a universal 
testing machine (EZ Test, Shimazu, Kyoto, Japan) at a crosshead speed of 1.0 
mm/min until failure. The fractured surfaces were examined using SEM and the 
failure mode classified as: (type 1) cohesive within the resin composite, (type 2) 
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adhesive between bonding agent and resin composite, (type 3) adhesive along the 
dentin surface, (type 4) mixed when simultaneously involving the adhesive failure 
and cohesively in dentine, adhesive layer, and/or composite, (type 5) cohesive within 
the adhesive layer, (type 6) cohesive within the hybrid layer and (type 7) cohesive 
within the dentin; based on a previous classification described by Andre et al. (2015).  
After restoration and storage for 24 h, additional teeth were sectioned in 
half and an assay for polishing and dehydration was performed as described in 
previous study [13]. This analysis was carried out to analyze with SEM the 
morphology of the hybrid layer and the formation of resin tags by the adhesives, with 
and without the additions of the propolis compounds.  
 
2.4 Statistical Analysis 
Values are expressed as means ± standard deviations. Statistical 
analyses were performed by two way ANOVA followed by Tukey’s multiple-
comparison and Dunnet test for the bacterial viability, dry-weight, protein, alkali 
soluble, intracellular and water soluble polysaccharides; and three-way ANOVA 
followed by Tukey’s multiple-comparison test for bond strength. A value of p < 0.05 
was considered significant. 
 
3 RESULTS 
3.1 Biofilm of Streptococcus mutans assay 
 Analyses of biofilm of S. mutans are described in Figure 1. No 
difference in bacterial viability, water soluble polysaccharides, and protein contents 
were observed among all groups. A decrease in total amount of dry-weight (biomass) 
was achieved with the addition of Api or Api+Far to CS3 and Api or Far to OPT. 
Insoluble polysaccharides decreased with the addition of Api to CS3 or Far to OPT. 
Intracellular polysaccharides decreased with the addition of Api or Api+Far to CS3 
and no difference among the groups was found for OPT. Representative images of S. 
mutans biofilms (Figure 2) show that the biofilm was densest and thicker (more 
overlapping colonies) for the control groups (Figure 2A, 2B and 2C), and that a 
structural modification of the biofilm was noted when the anti-caries agents were 
added to the adhesives.  
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Figure 1. Effect of anti-caries agents addition on biofilm of S. mutans grown on adhesive-
coated hydroxyapatite disks. Letters compare groups for the same adhesive (with addition or 
not of Api, Far or their combination). Connective bars indicate significant difference between 
CS3 and OPT for the same addition * Indicates significant difference compared to the control 
group. (A) Bacterial viability. (B) Dry-weight. (C) Alkali soluble polysaccharide. (D) 
Intracellular polysaccharide. (E) Water soluble polysaccharide. (F) Protein.  
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Figure 2. SEM images of S. mutans biofilm grown on adhesive-coated disks. (A) Control 
group: hydroxyapatite disks with no adhesive. (B) CS3 with no addition. (C) OPT with no 
addition (D). CS3 + Api. (E) CS3 + Far. (F) CS3 + Api+Far. (G) OPT + Api. (H) OPT + Far. (I) 
OPT + Api+Far.  
 
3.2 Dentin bond strength 
 Figure 3 shows the results for dentin bond strength (Figure 3A) and the 
structure of the resin-dentin interface (Figures 3B and 3C). The additions of the 
compounds did not interfere with dentin bond strength for either adhesive. OPT 
showed higher bond strength compared to CS3 for both storage times. One year of 
storage in deionized water decreased the dentin bond strength for both adhesives. 
No change in hybrid layer thickness was observed, for both adhesives, when the 
control is compared to the adhesives with additions. The additions did not increase 
the adhesive failures (type 2, 3 and 6), for both adhesives (Figure 4). Both adhesives 
presented predominately mixed failures and the self-etch adhesive showed a higher 
percentage of adhesive failures for all groups compared to the OPT, corroborating 
with the dentin bond strength values.   
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Figure 3. Adhesives bonding mechanisms. (A) Dentin bond strength. No difference between 
the treatments (p=0.6363). Bars connect groups that show statistical difference from 24 
hours for the same adhesive. * Differ from Optibond S at the same time and treatment. (B) 
Resin-dentin interface formed by CS3, in order: no addition, Api, Far and Api+Far. (C) Resin-
dentin interface formed by OPT, in order: no addition, Api, Far and Api+Far. (RC: resin 
composite, AL: adhesive layer, D: dentin, arrow: hybrid layer).  
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Figure 4. Failure pattern analysis. (A) Percentage of each type of failure found for all groups. 
(B) Representative images in 500 x of each type of failure. Type 1: cohesive within the 
composite (OPT with no addition). Type 2: adhesive between bonding agent and composite 
(CS3 with Far). Type 3: adhesive along the dentin surface (CS3 with no addition). Type 4: 
mixed when simultaneously involving the adhesive failure and cohesively in dentine, 
adhesive layer, and/or composite (CS3 with Far). Type 5: cohesive within the adhesive layer 
(CS3 with Api+Far). Type 6: cohesive within the hybrid layer (OPT with Api+Far). Type 7: 
cohesive within the dentin (CS3 with Api).  
 
4 DISCUSSION  
 Recurrent decay has consistently been one of the primary reasons for 
composite restoration replacement, and to reduce the number of replacements, 
efforts have been made with restorative materials to modify the resin monomers, filler 
formulations [14] and/or add antibacterial agents [15]. Most of the restorative 
materials claiming antibacterial properties use a bactericidal agent or a modified 
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monomer with a broad spectrum of action [1, 15]. However, it is well know that 
bactericidal agents can promote bacterial resistance and interfere with the resident 
oral bacteria producing undesirable outcomes on oral health [9, 16].  
 Tooth decay results from complex interactions between the specific oral 
bacterial, salivary constituents, dietary carbohydrate and tooth surface that module 
the transition from a condition of health to a diseased state by the establishment of 
cariogenic biofilms and consequently surface cavitation by acid dissolution [17]. The 
virulence of S. mutans is associated with its ability to produce extracellular 
polysaccharides and weak acid from sugars, to adapt to large fluctuations in pH, 
oxygen tension and nutrient availability [18, 19]. The exopolysaccharide matrix, 
synthesized in the presence of sucrose by the cariogenic pathogen S. mutans, acts 
as a scaffold for its biofilm, limiting the diffusion, providing binding sites, acting as a 
source of fermentable sugars and creating an acidic environment [8, 20]. Therefore, 
inhibition of acid, exopolysaccharides and biofilm formation can reduce the virulence 
of S. mutans and are important in preventing tooth decay [21, 22]. 
Api and Far, two naturally occurring compounds, have been described as 
anti-caries agents. In previous animal studies in which the compounds were 
solubilized in a vehicle (alcohol and DMSO), they showed significant ability to reduce 
the virulence of S. mutans biofilms with a subsequent decrease in dental caries [3, 4, 
6, 23]. In this study, no changes were observed in the bacterial viability, however, a 
tendency was found for decreasing the amount of biomass with the addition of Api in 
both adhesives, Far in OPT and the combination of the compounds in CS3 as 
compared to the adhesives with no addition, thus indicating changes in the structure 
or composition of the biofilm, without killing the target bacteria. 
 Likewise, a tendency to decrease the amount of insoluble and 
intracellular polysaccharides was also found with the additions; however, for the 
insoluble polysaccharides a statistical difference was found only with the addition of 
Api to CS3 and Far to OPT. Reducing the insoluble glucans could influence the 
pathogenesis of the bacteria by reducing their accumulation and the binding of the 
microorganisms (mutans streptococci and lactobacilli) to the tooth surface, disrupting 
the integrity, stability and diffusion properties of the biofilm [5, 12, 20]. For the 
intracellular polysaccharide, a statistical difference was found only with the addition 
of Api and the combination of the two compounds to the CS3. The OPT, with and 
without the addition of the compounds, showed a decrease for this polysaccharide 
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compared to the disk with no adhesive, which suggests that the composition of this 
adhesive by itself can reduce the accumulation of intracellular polysaccharides.  
The intracellular polysaccharide is an endogenous source of carbohydrate 
that can be metabolized when exogenous sources are depleted in the oral cavity, 
prolonging the exposure of tooth surfaces to the organic acids that result in dental 
caries formation [5, 24]. Also, according to Jeon et al. (2009), the reduction of both 
polysaccharides could affect S. mutans ability to colonize the tooth surface and 
become the dominant bacteria. This reduction in virulence expression is achieved 
with no significant effect on the resident healthy oral microbiota or the target 
organism [5].   
Hwang et al. (2014), demonstrated that biofilms of S. mutans with a 
decreased exopolysaccharide matrix facilitate mechanical detachment of the bacteria, 
indicating that the exopolysaccharides are critical determinants for the mechanical 
stability of biofilms [25, 26]. In other study, the author demonstrated that the 
exopolysaccharide matrix facilitates the generation of an acidic core despite the 
external neutralizing buffer challenge, indicating also, that the polysaccharide matrix 
can maintain an acidic microenvironment limiting the diffusion of potentially injurious 
positively charged molecules [26].  
SEM images from the biofilm confirm some modifications in the biofilm 
structure with no changes in the amount of bacterial colonies, when compared to the 
control groups with no compounds or adhesives. In addition to the chemical analysis 
of the polysaccharides, the results suggests that even in complex compositions, such 
as dental adhesives, these compounds were able to exert some effect on reducing 
the virulence of S. mutans biofilms, by the decrease of insoluble exopolysaccharides 
synthesis, suggesting the reduction of expression of the GtfB gene and reducing the 
intracellular polysaccharide accumulation. Falsetta et al., 2012, investigated the 
biological effect of the combination of fluoride, myracetin (also a flavone) and Far, 
explained the reduction in cariogenicity by the disruption of specific genes (gtfB, sloA, 
sodA and copY) associated with the exopolysaccharides synthesis and/or the stress 
tolerance [9].  
In adhesive dentistry, the goal is to provide simple and fast adhesive 
application with durable bonding to enamel and dentin [27, 28]. It is important that 
added compounds with potentially antibacterial properties do not influence the 
immediate or long-term dentin bond strength [2, 29]. In this study, the concentrations 
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of 1 mM of Api and 5 mM of Far did not decrease the dentin bond strength after 24 
hours or one year of storage in water as compared with the control. However, the 
storage for one year caused a decrease in bond strength for all groups tested. Also, 
no changes in hybrid layer thickness or any structural morphology was observed 
between the control and experimental groups. Regarding failure pattern analysis, the 
incorporation of Api and Far did not influence the type of fracture pattern for either 
adhesive. Thus, it can be suggested that the small concentrations utilized were not 
able to impair the dentin bonding mechanism and the main function of the adhesives 
were preserved. 
 
CONCLUSION 
The addition of anti-caries agents to dental adhesive may represent a 
novel alternative to decrease the cariogenicity of the biofilm around dental 
restorations. The addition of Api or Api and Far to Clearfil S3 Plus showed better 
results regarding the reduction of virulence of Streptococcus mutans biofilm, without 
suppressing the target microorganism. Also, the effect of these anti-caries agents 
depended on the chemical composition of the dental adhesive and, no additions 
interfered with the dentin bonding mechanism. 
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ABSTRACT 
Objectives: The aim of this in vitro study was to evaluate the 
incorporation of two anti-caries agents, Apigenin (Api) and tt-Farnesol (Far), into resin 
composite (CO) and resin cement (CE), and its effect on the virulence of 
Streptococcus mutans around dental restorations.  Methods: Apigenin (5mM) and tt-
Farnesol (5mM) were incorporated separately or in combination, with or without 
fluoride. Biofilm of S. mutans was grown on CO and CE disks and the dry-weight; 
bacterial viability; alkali soluble, water soluble and intracellular polysaccharides; and 
protein were quantified. Qualitatively SEM images from the biofilms were obtained. 
Dental demineralization and bacteria infiltration through a contraction gap were 
analyzed under confocal microscopy using a caries development model. The effect of 
the additions on the mechanical properties was analyzed by flexural strength and 
elastic modulus.  Results: Api+Far+F in CE reduced the bacterial viability. Dry-
weight, insoluble and intracellular polysaccharides decreased with the additions of 
Api, Api+Far or Api+Far+F for both materials. The amount of protein decreased with 
the addition of Api or Api+Far to CO, and Api or Far to CE. SEM images show a 
densest biofilm for the control groups. No difference was observed for the soluble 
polysaccharides, flexural strength, elastic modulus and bacteria infiltration. Lower 
fluorescence of groups containing the additions and with remaining enamel was 
observed. Conclusion: Api, single and combined showed greatest reduction of S. 
mutans virulence. No addition was able to completely avoid caries formation, 
however, the additions into restorative materials seem to be promising when 
remaining enamel is present.  
Keywords:  dental caries, Streptococcus mutans, resin composite, resin cement, 
apigenin, tt-farnesol. 
STATE OF SIGNIFICANCE 
Naturally occurring agents that are more unlike to produce bacterial resistance and, 
at the same time modulate the virulence of Streptococcus mutans were incorporated 
into restorative materials in order to decrease the cariogenic biofilm formation around 
dental restorations. Also, this strategy can decrease the restoration replacements, 
without suppressing the resident microorganisms, being an alternative therapy in 
contrast to broad spectra bactericidal agents. 
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1 INTRODUCTION  
The implication of initiation and development of dental caries is well 
recognized, from clinical and laboratory studies, to the oral pathogen Streptococcus 
mutans [1-3]. This bacterium is able to proliferate inside tooth pit and fissures, 
between teeth (interproximal areas) and at marginal areas of prosthetic materials [4]. 
Restorative materials containing antibacterial agents could yield benefits in terms of 
enhanced durability of dental restorations [5-7]. Using this concept some antibacterial 
agents, with broad antimicrobial spectra, has been added with no concern regarding 
the oral health resident bacteria and the promotion of bacterial resistance, which can 
produce undesirable outcomes on oral health [8, 9]. Therefore, the development of 
specific-targeted therapies, focusing in attenuating the microbial virulence is more 
desirable and can contribute to the reduction of dental caries [10, 11].  
S. mutans virulence is associated with its ability to form biofilms on tooth 
surfaces, to the production of extracellular polysaccharides by glycosyltransferases 
(EPS) and production of weak acids from sugars, and to adapt to pH fluctuations, 
oxygen tension and nutrient availability [1, 3]. EPS are the main constituents in 
biofilm matrix, mostly glucans synthesized by microbial glycosyltransferases (Gtfs), 
and are recognized as critical virulence factors associated with the initiation of 
cariogenic biofilm [12-15]. The EPS matrix acts as a scaffold for its biofilm, limiting 
the diffusion and increasing the resistance to antimicrobials, providing binding sites, 
acting as a source of fermentable sugars and creating an acidic environment, which 
leads to dental cavitation [10, 14, 16].  
Apigenin and tt-Farnesol, two compounds isolated from Brazilian propolis, 
are described in the literature as potential anti-caries agents and have been 
considered an alternative approach to traditional antimicrobial therapy, for not exert a 
significant effect on the viability of the oral microbiota [15, 17, 18].  Also, propolis is a 
nontoxic natural beehive product, and both compounds have shown to be non-
mutagenic and non-toxic, in vitro and in vivo [18, 19]. According to Koo et al. (2003 
and 2009), Apigenin, a flavone, (4’,5,7-trihydroxyflavone) is a potent inhibitor of Gtf 
enzymes in solution and on surfaces, particularly GtfB and GtfC; and has virtually no 
antibacterial activity against S. mutans [11, 18]. tt-Farnesol is a natural sesquiterpene 
(3,7,11-trimethyl-2,6,10-dodecatrien-1-ol), that disrupts the proton permeability of S. 
mutans membrane, affecting the production and secretion of Gtfs and acidurance 
[15, 18].  In addition, when combined with fluoride both compounds showed a 
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reduction of S. mutans virulence [17]. Also, the combination of these compounds with 
fluoride could enhance the anti-cariogenic property, once fluoride can modify the ΔpH 
across de cell membrane, interfering with bacterial glycolysis and affecting the 
production-secretion of Gtfs [11]. 
Therefore, the aim of this in vitro study was to incorporate two anti-caries 
agents, Apigenin (Api) and tt-Farnesol (Far), alone, combined and combined with 
fluoride, into resin composite and resin cement in order to analyze their effects on the 
virulence of S. mutans biofilms, by polysaccharides quantification, the effect on 
caries development in restoration margins and the influence of the additions on the 
flexural strength and flexural modulus of these restorative materials.  
 
2 MATERIALS AND METHODS 
2.1 Anti-caries agents addition 
Api and Far, were added alone or in combination into resin composite and 
resin cement. The same experimental blend was used for both materials, only the 
amount of filler was different between them. The materials used in this study and 
their chemical composition and concentrations are listed in Table 1. The anti-caries 
agent’s and the fluoride (F) concentrations were chosen from a preliminary study, 
that tested the compounds in different concentrations (for bacterial viability, dry-
weight, flexural strength and flexural modulus) [20], and added to the resin composite 
and resin cement single, combined with or without 250 ppm [17] of fluoride. A total of 
ten groups were obtained: (1) resin composite with no addition; (2) resin composite 
with Api; (3) resin composite with Far; (4) resin composite with Api and Far; (5) resin 
composite with Api, Far and fluoride; (6) resin cement with no addition; (7) resin 
cement with Api; (8) resin cement with Far; (9) resin cement with Api and Far and 
(10) resin cement with Api, Far and fluoride. 
 
Table 1. Restorative materials composition, additions, manufacturer and lot number 
 Manufacturer (lot 
number) Resin composite Resin cement 
Bis-GMA (Bisphenol A 
Glycidyl Methacrylate) 
Esstech, Inc., Essington, 
PA, USA  
(688-51) 
15 wt% 20 wt% 
TEGDMA 
(Tetraethylene Glycol 
Dimethacrylate) 
Esstech, Inc., Essington, 
PA, USA  
(736-51-04) 
15 wt% 20 wt% 
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Camphorquinone Sigma Aldrich, St. Louis, 
MO, USA 
 (10726H0) 
0.6 wt% 0.6 wt% 
EDMAB (Ethyl 4-
dimethylaminobenzoate) 
Across Organics- Thermo 
Fisher Scientific Inc., 
Waltham, MA, USA 
(A0237872) 
1.2 wt% 1.2 wt% 
BHT 
(Butylhydroxytoluene) 
Sigma Aldrich, St. Louis, 
MO, USA 
 (37H0294) 
0.05 wt% 0.05 wt% 
0.7 µm barium 
borosilicate glass  
Esstech, Inc., Essington, 
PA, USA  
(845-09) 
65 wt% 55 wt% 
0.05 µm fumed silica  Aerosil OX-50. Sun. 
Medical Co., Ltd,Japan  
(1228059 3B) 
5 wt% 5 wt% 
Apigenin  Sigma Aldrich, St. Louis, 
MO, USA 
(SLBL4733V) 
5 mM 5 mM 
tt-Farnesol Sigma Aldrich, St. Louis, 
MO, USA 
(MKBQ3298V) 
5 mM 5 mM 
Sodium fluoride J.T. Baker - Thermo 
Fisher Scientific Inc., 
Waltham, MA, USA  
(38716) 
250 ppm 250 ppm 
 
2.2 Streptococcus mutans biofilm 
Single specie of biofilm was used to identify the effect of the additions 
specific on the virulence of S. mutans. Disks of resin composites and resin cements 
were obtained (n = 6) utilizing a silicon mold (10 mm diameter x 2 mm thick) and 
polymerized between two glass slides using a curing unit (Valo, Ultradent Products 
Inc., South Jordan, UT, USA) with radiant exposure of 15 J/cm2. The roughness was 
standardized, using a surface roughness tester TR200 (TIME Group, Pittsburgh, PA, 
USA), between 0.6 and 0.7 µm for the resin composite, and between 0.5 and 0.6 µm 
for the resin cement, with a 600-grit silicon carbide paper. Biofilm of S. mutans 
(UA159) were grown on these disks. All disks were sterilized with UV light radiation 
for 1 min (both sides) in order to avoid contamination. The time of sterilization was 
chosen based on previous results regarding to the least deleterious effects in resin 
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composite (Andre CB, unpublished data)3. Human whole saliva was collected from 
one donor, clarified by centrifugation (10000 g, 4°C, 10 min), sterilized and diluted 
(1:1) in adsorption buffer (AB – 50 mM KCl, 1 mM KPO4, 1 mM CaCl2, 0.1 mM 
MgCl2, pH 6.5), and supplemented with the protease inhibitor phenylmethylsulfonyl-
fluoride at a final concentration of 1 mmol/L. The resin composite and resin cement 
disks were placed in a vertical position in 24-well plates, left in clarified saliva for 30 
min and then inoculated with approximately 2 × 106 CFU/mL in low molecular weight 
media (buffered ultrafiltered - 10 kDa cutoff membrane; Prep/Scale; Millipore, MA, 
USA, of tryptone and yeast extract, pH 7.0, with 1% (w/v) sucrose), at 37°C, 5% CO2.  
The biofilms were grown undisturbed during 24 hours, and then the culture 
medium was replaced daily (total of 115 h of growth). After this period of time, the 
biofilm was collected and processed to count the viable cells, to calculate the dry-
weight (biomass), the total amount of protein (Micro BCA™ protein assay kit, Thermo 
Fisher Scientific, Waltham, MA, USA) and the amount of polysaccharides (alkali 
soluble, intracellular and water soluble), using colorimetric assays described 
elsewhere [18]. Alkali soluble and water soluble were extracted and measured using 
glucose as standard, and glycogen was used to quantify the intracellular 
polysaccharides. Additional disks were analyzed using scanning electron microscopy 
(SEM - Quanta 200, FEI Company, Hillsboro, OR, USA). The 115 h old biofilms were 
washed in sterile 0.9% NaCl then fixed with a 4% glutaraldehyde solution (v/v, in 
phosphate buffered saline PBS, pH 7.4) for 24 h. Biofilms then were dehydrated in 
ascending ethanol concentration (50, 70, 90, and 100%), dried for 24 h, and sputter 
coated with gold-palladium (Denton Vacuum Inc., Moorestown, NJ, USA). Biofilms 
were observed with SEM at a 20x (that covered almost the entire disk) and 100x 
magnifications. 
 
2.3 Flexural strength and flexural modulus 
 For each group, 10 bars specimens were made using a split steel mold 
in dimension of 25 mm x 2 mm x 2 mm, according to ISO 4049. Flexural strength and 
elastic modulus of the samples were measured according to the 3-point bending 
method carried out with a universal testing machine (Q-test, MTS, Eden Prairie, WI, 
USA) at a crosshead speed of 0.5 mm/min. The bars were polymerized between 																																																								
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glass slides with three overlapping exposures (20 s each), to cover the entire 
specimen, using a light-curing unit (Valo) with radiant exposure of 15 J/cm2 (1474.2 
mW/cm2, 10 s).  Specimens were stored for 24 h in dark containers at room 
temperature. The flexural strength (FS) in MPa was then calculated as: FS(σ) = 
3Fl/2bh2, where F stands for load at fracture (N), l is the span length (20 mm), and b 
and h are the width and thickness of the specimens in mm, respectively. 
The flexural modulus (E) was determined from the slope of the initial linear 
part of stress–strain curve, calculated as: E = FI3/4bh3d, where F is the load at some 
point on the linear region of the stress–strain curve; d is the slack compensated 
deflection at load F; and l, b, and h are as defined above. 
 
2.4. Bacteria infiltration and development of caries in restorations margin  
Simulated dental restorations were produced in recently extracted human 
molar teeth (Oregon Health and Science University, IRB protocol #00012056) in 
order to analyze the bacteria penetration through a contraction gap and if the 
additions were able to avoid demineralization. The teeth were carefully examined and 
those having cracks or caries were discarded, also teeth were left in 1% chloramine 
T for decontamination. 
Before the cavity preparation, the cusp was removed with a diamond saw. 
Circular cavities were prepared using a computer-controlled milling system (CNC 
specimen former, University of Iowa, Iowa City, USA), following the protocol first 
described elsewhere [21], and subjected to three preparation steps: (1) The first one 
flattened the sectioned occlusal surface to ensure a uniformly of tooth surface; (2) the 
second prepared the exterior tooth dimensions to a circular 9 mm diameter 
dimension with two slots opposing each other to facilitate the teeth handling and (3) 
the final program resulted in 5 mm diameter, 2 mm deep cylindrical cavity preparation 
(Figure 1a). Additionally, teeth were then horizontally sectioned above the pulp 
horns, leaving a slab of tooth with 3 mm thick and randomly divided into 10 groups. A 
single-step, self-etch dental adhesive (Clearfil S3 Plus, Kuraray Noritake Dental Inc., 
Tokyo, Japan) was applied only to the half of cavity (n = 5) (Figure 1b), while in 
another half (opposite side), the composite was placed into the cavity without 
adhesive in order to form small gaps (approximately 15-30 µm) due polymerization 
shrinkage. For the resin cement, simulating composite indirect restorations were 
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cemented in the similar cavities as described previously. After filling the cavities, 
restored teeth were sterilized with UV light for 1 min (top and bottom).  
S. mutans biofilms were grown on the specimens, for 14 days at 37°C, 5% 
CO2, to produce new caries lesions on the surface and within the gap along the tooth 
wall (Figure 1c) [21, 22]. The media (Trypticase soy broth - BBL™ Trypticase™ Soy 
Broth, BD diagnostics, MD, USA) with 3 wt% sucrose (Fischer Science Education, 
Hanover Park, IL, USA) was changed every day. The specimens were gram positive 
stained by applying crystal violet dye (Difco Laboratories, Detroit, MI, USA), rinsing, 
and applying iodine to bind the dye to the bacteria (Figure 1d). Bacterial penetration 
and demineralization were analyzed on the tooth gap model specimens after 
mounting and sectioning on half, (Figure 1e and f). To identify the gap side a 10x 
objective was used under stereoscopic microscopy and than the samples were 
analyzed using confocal microscopy (LSM 510 Meta Confocal Microscope, Zeiss; 
Göttingen, Germany) with a 5x objective (no zoom) and 10x objective (1.31 zoom). A 
GRE/Ne laser source with excitation band at 543 nm and 488 nm wavelengths was 
used to detect the stained bacteria and the dentin fluorescence respectively.   
 
Figure 1. Bacteria infiltration and caries development assay. (a) Cavities prepared in molar 
teeth. (b) Adhesive system was applied on half of the tooth. (c) Teeth were left in media for 
14 days. (d) The bacteria were stained with crystal violet. (e) Teeth were sectioned in half. (f) 
One side of the sectioned tooth had the adhesive layer and the other half had a gap where 
the confocal images were obtained.  
 
2.5 Statistical Analysis 
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 Values are expressed as means ± standard deviation (SD). Statistical 
analyses were performed by one-way ANOVA followed by Tukey’s multiple-
comparison test for bacterial viability, dry-weight, protein, alkali soluble 
polysaccharides, intracellular polysaccharides, water soluble polysaccharides, 
flexural strength and elastic modulus. A value of p < 0.05 was considered significant.  
 
3 RESULTS 
3.1 Streptococcus mutans biofilm 
Analyses from biofilm of S. mutans are described in Figures 2 and 3. No 
difference in bacterial viability was observed for the resin composite, however a 
decrease was found when the compounds (Api and Far) were combined with F to the 
resin cement. A decrease in total amount of dry weight (biomass) was achieved with 
the additions of Api, Api+Far and Api+Far+F into both restorative materials. The 
additions of Api, Api+F and Api+Far+F decreased the alkali soluble (insoluble) 
polysaccharides and the intracellular polysaccharides for both restorative materials. 
The additions did not interfere with the amount of soluble polysaccharides. For 
protein quantification, a decrease was found when Api and Api+Far were added into 
resin composite and when Api or Far were added into resin cement. Representative 
images from biofilm of S. mutans are shown in Figure 4 (resin composite: 4A; and 
resin cement: 4B). A densest biofilm is observed for the control groups (Figures 4AI 
and 4AVI; 4BI and 4BVI). In higher magnifications, no difference was observed 
between the groups, except for resin composite with Api+Far+F (Figure 4AX).    
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Figure 2. Effect of compounds addition on biofilm of S. mutans grown on resin composite 
disks. (A) Bacterial viability. (B) Dry weight. (C) Alkali soluble polysaccharide. (D) Intracellular 
polysaccharide. (E) Water soluble polysaccharide. (F) Protein.   
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Figure 3. Effect of compounds addition on biofilm of S. mutans grown on resin cement disks. 
(A) Bacterial viability. (B) Dry weight. (C) Alkali soluble polysaccharide. (D) Intracellular 
polysaccharide. (E) Water soluble polysaccharide. (F) Protein.   
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Figure 4. SEM images of biofilms of S. mutans in 20x (I to V) and 100x (VI to X) 
magnifications. (A) Resin composite. (B) Resin cement. No addition (I and VI). Addition of 
Api (II and VII). Addition of Far (III and VIII). Addition of Api+Far (IV and IX).. Addition of 
Api+Far+F (V and X).    
 
3.2 Flexural strength and flexural modulus 
 No decrease in flexural strength and flexural modulus (Table 2) was 
observed when the additions were performed for both restorative materials. The resin 
cement, that has lower amount of fillers, presented a lower flexural modulus 
compared to the resin composite. 
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Table 2. Flexural strength (MPa) and modulus (GPa) of resin composite and 
resin cement. 
 Resin Composite Resin Cement 
Groups Flexural strength 
Flexural  
modulus 
Flexural 
strength 
Flexural 
 modulus 
No addition 87.5 (9.5) a 7.9 (0.3) a 86.2 (9.4) a 5.5 (0.4) a 
Api 89.3 (12.5) a 7.8 (0.5) a 85.6 (8.8) a 5.5 (0.4) a 
Far 98.3 (15.9) a 7.9 (0.6) a 87.4 (14.4) a 5.7 (0.5) a 
Api+Far 90.0 (15.0) a 7.7 (0.6) a 91.4 (10.0) a 5.8 (0.5) a 
Api+Far+F 92.7 (12.6) a 7.5 (0.4) a 86.4 (11.7) a 5.6 (0.3) a 
Means (SD) having similar letters are not significantly different (p < 0.05). 
 
3.3 Bacteria infiltration and development of caries in restorations margin 
 Representative images of each group having remaining enamel are 
shown in Figure 5. Resin composite (Figure 5A II) showed a decreased in 
fluorescence in enamel (identified with *) for the groups having the additions of Api 
and Far, however, the bacteria were able to infiltrate through the gap in all groups 
tested (Figure 5A I and 5B I). For resin cement (Figures 5B) just a slight decrease in 
fluoresce is observed in enamel (Figure 5B II). The infiltration in cavities with resin 
cement was lower compared to the resin composite due to the smaller gap formation 
(thin layer of cement – Figure 5B I). When dentin was exposed, no difference was 
observed between the groups for both restorative materials.  
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Figure 5. Confocal images of bacteria infiltration and caries development.  (A) Resin 
composite. (B) Resin cement. (I) 5x objective. (II) 10x objective . * Enamel.  
 
4 DISCUSSION  
The inhibition of acid production, exopolysaccharides (EPS) and biofilm 
formation can reduce the virulence of S. mutans, which is important to preventing or 
reduce tooth decay [23, 24]. EPS and the acidification of the biofilm’s matrix are 
considered the primary targets of a highly specific chemotherapeutic intervention that 
seeks to reduce cariogenic biofilms [11]. Therapeutic agents that act on the 
pathogens’ virulent factors without necessarily killing them may offer reduce selection 
pressure for drug resistance and may avoid alterations of the resident microflora [11, 
25]. Api and Far, two naturally occurring compounds, have been described as anti-
caries agents that affects the virulence of S. mutans and may provide a new potential 
approach to antimicrobial therapy [15, 17, 18].   
In this study, a decrease in bacterial viability was found only for the resin 
cement when both compounds were combined with fluoride (Api+Far+F). In previous 
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studies this combination also decreased the viability of S. mutans, however, the 
fluoride alone or combined with Api had no effect on the bacterial viability [17]. The 
resin cement contains a lower filler amount than the resin composite, thus a 
significant larger surface area of resin matrix containing Api+Far+F is expected to be 
in contact with the biofilm. According to Koo et al. (2002), Api has virtually no 
antibacterial activity, and Far shows bactericidal activity against planktonic cells of 
mutans streptococci, but in biofilms is less evident. Also, to disrupt the streptococcus 
cell membrane a higher concentration would be necessary (>10 mM) [26]. Therefore, 
it can be considered that the agents do not have bactericidal activity, due to the 
minimal effect on bacterial viability in biofilm.  Also, resin composites having fluoride 
in it composition were not able to avoid demineralization or reducing the bacterial 
viability [27]. 
Api, Api+Far and Api+Far+F diminished the further accumulation of S. 
mutans biofilms compared to the control group, for both restorative materials (31%, 
41% and 34% reduction of biomass, respectively, for resin composite; and 41%, 30% 
and 44% for the resin cement). This reduction was also observed in SEM images 
form the biofilms. In literature, when in solution, the combination of both compounds 
and their combination with fluoride presented a decrease in biomass of 40.7% and 
50.6% [17]. Besides the lower decrease compared to the compounds in solutions, 
these anti-caries agents were able to have some significant effect even into 
polymeric materials composition. The decrease of biomass without reducing the 
bacterial viability can suggest some modification in biofilm matrix structure, and may 
indicate a reduction in EPS composition, reducing the virulence activity of S. mutans 
in the biofilm, as confirmed by the chemical analysis of polysaccharides in this study. 
In both restorative materials, the addition of Api, Api+Far and Api+Far+F 
reduced the amount of insoluble polysaccharides and intracellular polysaccharides. It 
has been previously reported that at least three Gtfs are produced by S. mutans: 
GtfB that synthesizes mostly insoluble glucans, GtfC that synthesizes a mixture of 
insoluble and soluble glucan, and GtfD that synthesizes mostly soluble glucans [19, 
28, 29]. The insoluble glucans synthesized by surface-adsorbed GtfB and GtfC 
provide binding sites for the establishment of S. mutans on the solid surfaces. This 
facilitates its coadherence with other bacterial cells, mediating the transition from 
initial cell attachment to formation of microcolonies and multi-microcolonies, in 
presence of sucrose [14, 30]. Therefore, a decrease in insoluble polysaccharides 
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could influence the bacteria pathogenesis by reducing their accumulation and the 
binding of the microorganisms (mutans streptococci and lactobacilli) to the tooth 
surface, disrupting the integrity, stability and diffusion properties of the biofilm [15, 16, 
29].   
In addition, the decrease in intracellular polysaccharides observed in this 
study could reduce the exposure of tooth surface to the organic acids. The 
intracellular polysaccharides serve as an endogenous source of carbohydrate that 
can be metabolized when exogenous sources are depleted in the oral cavity. As a 
result, tooth surfaces are prolonged exposed to the acidic production and 
acidification within biofilm, leading to enamel dissolution and initiating the 
pathogeneses of dental caries [15, 28, 31]. Therefore, the reduction in both 
polysaccharides, insoluble and intracellular, could affect S. mutans ability to colonize 
the tooth surface, become the dominant bacteria and express it virulence in biofilm 
[15].  Moreover, it could be facilitates the mechanical detachment of the bacteria, 
once the EPS are critical determinants for the mechanical stability of biofilms [32, 33]. 
In addition to the reduction of polysaccharides, a tendency in decreasing the amount 
of protein in biofilm, another component of the EPS matrix, was observed for both 
materials and for all the addition; however, statistical difference was observed only 
with the addition of Api and Api+Far to resin composite, and Api or Far to resin 
cement. 
According to Koo et al. (2009), the combinations of these compounds 
could affect the pathogenicity of S. mutans within biofilm by: (1) reducing the activity 
of GtfB and GtfC and consequently inhibition of insoluble glucan synthesis; (2) 
modulating the gtfBC gene expression at the transcriptional level; (3) disrupting ΔpH 
across the cell membrane and inducing starvation stress; and (4) inhibiting synthesis-
accumulation of IPS [11]. However, in this study, the combinations of the compounds 
and the combination with fluoride did not increase the anti-caries effect, no difference 
was observed for the amount of polysaccharides between the additions of Api, 
Api+Far and Api+Far+F. Besides, Far alone showed no anti-caries effect compared 
to the control group, and a potential explanation would be that Far could be trapped 
inside the polymeric resin chain, thus exerting little effect on S. mutans virulence. 
Likewise, the fluoride had an additional effect only for the bacterial viability for the 
resin cement, that has lower amount of fillers compared to the resin composite, and 
may not be efficient released from the polymerized material. In previous results, the 
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addition of Api alone had also better results reducing the virulence of S. mutans in 
addition to a dental adhesive (Andre CB et al, unpublished data). 
Regarding the caries development in restorations margin, none of the 
additions were able to completely avoid the caries formation, and as these 
compounds are not bactericidal, the bacteria were able to infiltrate through the 
contraction gap. In previous animal models, these compounds were able to reduce 
the caries formation, and also none was able to completely avoid the caries 
development [17]. However, some limitations are found in this present assay that 
could limit the anti-caries effect of the compounds: (1) the days of undisturbed 
growing of the bacteria (14 days); (2) the lack of a buffer cycling, simulating the saliva 
flow; and (3) teeth placement at the bottom of the well plate (bacteria could not be 
adhered but deposited by gravity). The over growing of S. mutans, lead to a biofilm 
that was not in contact with the restorative materials, and consequently to the anti-
caries agents. Also, the biofilm with lower amount of polysaccharides could be easily 
removed compared to the biofilm from the control group. However, even with these 
limitations the demineralization seems to be lower when reaming enamel is present 
in dental cavities. The dentin has a higher critical pH (6.7) compared to the enamel 
(5.5) [34], which can be demineralized in a less acidic environment.   
Besides the beneficial effect of the anti-caries agents into restorative 
materials, no change was observed on the flexural strength and elastic modulus. The 
resin cement showed lower elastic modulus compared to the resin composite, due to 
the lower filler amount (70% and 60% respectively). The elastic modulus and the 
flexural strength of resin composites increase with filler content [35]. Preliminary 
study showed a decrease in elastic modulus when Far was added in a concentration 
of 50 mM [20]. Thus, it can be suggested that the small concentrations of the 
compounds were not able to impair the mechanical properties of the restorative 
materials tested, but can be an alternative approach to avoid or reduce the caries 
development in restoration margins and the recurrent restorations replacement, 
impairing the S. mutans virulence, without necessarily suppressing the target 
organism. Our data provide the scientific basis for proceeding to the next step toward 
developing dental materials with therapeutic effects on virulence factors rather than 
broad spectra bactericidal agents.    
   
CONCLUSION 
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 Within the limitations of this in vitro study it can be conclude that: (1) the 
addition of Api and Far to resin composite and resin cement significantly decrease 
the amount of biomass and polysaccharides of S. mutans biofilm, which may impair 
the S. mutans virulence, without suppressing the target organism; (2) better results 
regarding the reduction of virulence of S. mutans were found with the addition of Api, 
Api+Far and Api+Far+F in both materials; (3) the addition of fluoride or the 
combination of the compounds did not increase the anti-caries effect, compared to 
Api alone, for both materials; (4) although no experimental material were able to 
completely avoid the caries formation, the additions seems promising in reducing the 
demineralization when remaining enamel is still present in cavity; (5) the flexural 
strength and flexural modulus remained unchanged in the concentrations tested; (6) 
the addition of compounds targeting the virulence of cariogenic biofilms into 
restorative materials are a novel and promising field in restorative dentistry.  
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3 DISCUSSÃO 
 
A cárie recorrente é considerado um dos principais fatores para a 
substituição de restaurações de resina composta. A fratura do material restaurador à 
base de resina também tem sua importância. Na tentativa de reduzir essa recorrente 
substituição por lesões de cárie nas margens da restauração, modificações na 
composição monomérica, no conteúdo de partículas de carga (Ferracane, 2013) 
e/ou adição de compostos antibacterianos vêm sido estudado (Farrugia and 
Camilleri, 2015). Entretanto, compostos antibacterianos que tenham ação específica 
aos fatores de virulência do biofilme cariogênico são mais desejáveis por serem 
menos prováveis de promover resistência bacteriana ou de alterarem a microbiota 
oral residente relacionada à saúde, e ao mesmo tempo podem reduzir a formação 
de cáries (McDonnell and Russell, 1999; Koo & Jeon, 2009; Falsetta et al., 2012; 
Freires et al., 2015).  
Dois compostos de ação específica aos fatores de virulência do S. 
mutans, Api e Far, são descritos como agentes anti-cárie e como uma terapia 
antimicrobiana alternativa em oposição aos compostos bactericidas de amplo 
espectro de ação (Koo et al., 2003; Koo et al., 2005; Jeon et al., 2009). De acordo 
com Koo et al. (2009), a combinação desses compostos pode afetar a 
patogenicidade do S. mutans no biofilme por: (1) reduzir a atividade da GtfB e da 
GtfC e consequentemente inibir a síntese de glucanos insolúveis; (2) modular a 
expressão gênica do gtfBC  em um nível de transcrição; (3) romper o ΔpH ao longo 
da membrana celular e induzir ao estresse bacteriano; e (4) inibição da síntese e 
acumulação do polissacarídeo intracelular (Koo & Jeon, 2009). 
Nenhum dos compostos teve ação bactericida, entretanto quando os 
compostos foram combinados com  fluoreto (Api+Far+F) no cimento resinoso, houve 
uma redução na viabilidade bacteriana, resultado também descrito por Koo et al. 
(2005) quando os compostos foram combinados e avaliados em solução. Para todos 
os outros materiais testados os compostos sozinhos ou combinados não reduziram a 
viabilidade bacteriana. A quantidade de peso seco do biofilme, em contrapartida, foi 
reduzido quando os materiais tiveram adições desses compostos, sendo que a 
biomassa reduziu quando Api e Api+Far foi adicionado ao Clearfil S3 Bond Plus; Far 
ao OptiBond S; Api, Api+Far e Api+Far+F à resina composta e ao cimento resinoso. 
Quando há redução da biomassa sem reduzir a viabilidade bacteriana pode-se 
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sugerir uma diminuição da composição da matriz de EPS do biofilme, confirmado 
nos resultados de quantificação dos polissacarídeos nesta tese.  
A redução de polissacarídeos insolúveis foi observada com a adição de 
Api ao Clearfil S3 Bond Plus; de Far ao OpitBond S; e de Api, Api+Far e Api+Far+F à 
resina composta e ao cimento resinoso. Essa redução pode influenciar na 
patogenicidade da bactéria por reduzir a sua acumulação e a adesão de outros 
microrganismos (mutans streptococci e lactobacilli)  à superfície do dente, rompendo 
a integridade, estabilidade e as propriedades de difusão do biofilme (Jeon et al., 
2009; Krzysciak et al., 2014; Lei et al., 2015).   
Além dos polissacarídeos insolúveis, os intracelulares também tiveram 
reduções significativas dependo da adição, com exceção do OptiBond S. Essa 
redução foi encontrada quando Api e Api+Far foram adicionados ao Clearfil S3 Bond 
Plus; Api, Api+Far e Api+Far+F à resina composta e ao cimento resinoso. Os 
polissacarídeos intracelulares são uma reserva endógena de carboidrato que pode 
ser metabolizada quando as fontes exógenas foram esgotadas da cavidade oral. 
Como resultado, a superfície dentinária fica exposta por um tempo prolongado aos 
ácidos produzidos pela fermentação dos açúcares e ao mesmo tempo exposta a 
acidificação do biofilme, levando a desmineralização do esmalte dental e iniciando o 
processo de formação de cárie (Jeon et al., 2009; Koo et al., 2010; Murata et al., 
2010).  
A redução de ambos os polissacarídeos, insolúveis e intracelulares, pode 
afetar a habilidade do S. mutans em colonizar a superfície dentária e se tornar 
dominante e expressar a sua virulência no biofilme (Jeon et al., 2009).  Além desses 
benefícios,  a redução de polissacarídeos poderia facilitar a remoção mecânica do 
biofilme da superfície dentinária, uma vez que os EPS são determinantes para a 
estabilidade mecânica do biofilme. Resultados prévios mostram que biofilme que 
apresentaram EPS reduzido foram removidos com maior facilidade quando 
comparado ao biofilme controle sem tratamento (Hwang et al., 2014; Hwang et al., 
2016).  
Entretanto, a composição do EPS é heterogênea e, além dos 
polissacarídeos, proteínas, ácidos nucleicos e (fosfo)lipídios estão presentes 
(Metzger et al., 2009). Para os adesivos, não houve diferença no conteúdo proteico, 
porém, para as resinas compostas e os cimentos resinosos há uma tendência de 
diminuir a quantidade de proteínas, com diferença estatística quando Api e Api+Far 
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foram adicionados à resina composta e quando Api ou Far foram adicionados ao 
cimento resinoso.  S. mutans produz pelo menos quatro proteínas glucanos de 
ligação, GbpABCD. A deficiência da proteína GbpC, por exemplo, pode impedir a 
formação do biofilme (Liao et al., 2014). As proteínas representam um grupo 
heterogêneo variando o tamanho, o domínio de ligação, a afinidade, a distribuição 
ao longo do mutans streptococci e, principalmente a função. Essas proteínas podem 
incluir as enzimas que catalisam a síntese de glucanos, assim como as enzimas que 
são capazes de hidrolisar os glucanos, agindo assim como substrato para o 
crescimento microbiano (Banas and Vickerman, 2003).  
As resinas compostas  e os cimentos resinosos foram submetidos à um 
desafio de cárie secundária, e nenhuma das adições foram eficientes em evitar 
completamente a formação de cárie, porém nas amostras em que o esmalte ainda 
estava presente, a fluorescência foi menor para os materiais resinosos com as 
adições. Na literatura esses compostos quando usados em tratamentos (simulando 
enxaguatório bucal) reduziram a formação de cárie, porém nenhum evitou 
completamente a formação das lesões (Koo et al., 2005). Algumas características da 
metodologia podem ter prejudicado a ação dos compostos naturais e 
consequentemente uma menor diferença foi observada entre os grupos, sendo elas: 
(1) número de dias que biofilme cresceu sem ser perturbado; (2) falta de ciclagem de 
um tampão simulando a saliva; e (3) o posicionamento da amostra no fundo do poço 
facilitando a deposição da bactérias por gravidade.  
Apesar dos benefícios das adições na redução da virulência do S. 
mutans, as concentrações utilizadas não foram suficientes para reduzir 
significantemente as propriedades mecânicas e físico-químicas dos materiais 
restauradores testados. Não foram observados redução na resistência de união para 
ambos os adesivos nos dois tempos de armazenamentos testados, 24 horas e 1 
ano. Ambos os adesivos tiveram a sua resistência de união à dentina reduzida 
quando comparado 24 horas e 1 ano, entretanto as adições não influenciaram nessa 
redução. Os adesivos diferiram entre si em um mesmo tempo de armazenamento 
(24 horas ou 1 ano), sendo que o adesivo convencional (OptiBond S) apresentou 
maior resistência de união quando comparado ao autocondicionante (Clearfil S3 
Bond Plus). A espessura da camada hibrida formada não diferiu entre os grupos 
controles e os experimentais para um mesmo adesivo. Além disso, os padrões de 
fratura não foram alterados em relação aos grupos controles, ou seja, as adições 
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dos compostos não alteraram a região mais susceptível à fratura (menor adesão ou 
coesão, como por exemplo entre o adesivo e a dentina) na área de união dentina- 
adesivo.  
Assim como não influenciaram a resistência de união os adesivos, as 
adições não reduziram a resistência flexural e o módulo de elasticidade das resinas 
compostas e dos cimentos resinosos na concentração testada (5 mM). Entretanto, o 
cimento resinoso apresentou menor módulo de elasticidade comparado à resina 
composta. Esse resultado é esperado uma vez que quanto menor a quantidade de 
partículas de carga, menor é o modulo de elasticidade (Lohbauer et al., 2013). 
O grau de conversão apresentou mínimas alterações, e apesar de serem 
estatisticamente diferentes do controle, não são consideradas significantes1. Não 
foram observadas mudanças na cinética de polimerização para o mesmo material. A 
extração dos compostos dos materiais experimentais foram observados após o 
armazenamento em água em espectroscopia por Ressonância Magnética Nuclear. 
Poucos picos podem ser relacionados aos compostos (analisados por comparação), 
porém, na literatura é relatado a solubilidade da Apinenina e do tt-Farnesol em 
meios alcoólicos (Koo et al., 2005), e esses compostos foram adicionados em baixas 
concentrações, portanto, se lixiviados as concentrações seriam ainda menores e 
difíceis de serem identificados. Em contrapartida, os compostos podem ter ação por 
contato mesmo inseridos em materiais resinosos, não tendo ação apenas se 
lixiviado, o que não aumentaria a degradação dos materiais, sendo esse um ponto 
questionado quanto aos materiais com ação antimicrobiana. 
Apesar dos resultados promissores, os materiais devem ser estudados 
quanto à durabilidade da ação dos compostos, assim como o desenvolvimento de 
novas tecnologias de incorporação de compostos naturais em materiais resinosos, a 
fim de proporcionar melhor ação quanto à redução de virulência do biofilme S. 
mutans.   
 
 
 
																																																								1	APÊNDICE	2.	
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4 CONCLUSÃO 
 
Dentro das limitações desse estudo in vitro pode-se concluir que adição 
de Apigenina aos materiais restauradores pode modular a virulência do biofilme de 
Streptococcus mutans pela diminuição dos polissacarídeos insolúveis e 
intracelulares, sem efeitos somatórios com as adições de tt-Farnesol e flúor às 
resinas e aos cimentos resinosos.  E, as adições dos agentes anti-cárie na redução 
da desmineralização são promissoras quando há esmalte remanescente na 
cavidade, sem comprometer as propriedades mecânicas e físico-químicas dos 
materiais nas concentrações testadas.  
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APÊNDICE 1 
 
Evaluation of three different decontamination techniques on biofilm formation, and on 
physical and chemical properties of resin composites 
 
Carolina Bosso André1, Andressa dos Santos2, Carmem Silvia Pfeifer3, Marcelo 
Giannini4, Emerson Marcelo Girotto5, Jack Liborio Ferracane6 
 
ABSTRACT 
Objectives: This study evaluated three different sterilization/disinfection techniques 
for resin composites on bacterial growth and surface modification after 
decontamination. Methods: Two resin composites were sterilized/disinfected with 
three different techniques: UV light, 1% chloramine T and 70% ethanol. Four different 
times were used for each technique to determine the shortest time that the solution 
or UV light was effective. The influence of sterilization/disinfection technique on 
bacterial growth was evaluated by analyzing the metabolic activity, using the 
AlamarBlueTM assay, bacterial viability and SEM images from biofilms of S. mutans. 
The surface change, after the process, was analyzed with ATR/FT-IR and SEM 
images. The solutions used for decontamination (1% chloramine-T and 70% ethanol) 
were analyzed with 1H-NMR to identify any resin compounds leached during the 
process. Results: One minute of decontamination was efficient for all three methods 
tested. Chloramine-T increased the surface porosity on resin composites, no 
changes were observed for UV light and 70% ethanol, however, 1H-NMR identified 
leached monomers only when 70% ethanol was used. No chemical change of the 
materials was found under ATR/FT-IR analyses after the decontamination process. 
Chloramine-T, with no previous wash, increased the bacterial viability for both resin 
composites and increased the bacterial metabolism for the resin composite without 
fluoride. Conclusion: UV light had no interference on the resin composites 
properties tested using 1 min of exposure compared to the other decontamination 
methods.  
Clinical Significance: Sterilization techniques prior to antimicrobial tests should 
maintain the physical and chemical properties of resin composites in order to avoid 
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changes in bacterial growth and unreliable results, making possible to predict clinical 
results. 
 
Keywords: Resin composite, sterilization, biofilm, surface analysis.  
 
1 INTRODUCTION 
 Composite restorations are still challenged by gap formation from 
curing shrinkage or degradation after polymerization (1, 2). Gap formation allows 
bacteria to infiltrate the resin-interface, potentially leading to secondary caries 
development. To address this problem, restorative materials with antibacterial activity 
are being proposed (3, 4). To elucidate the effectiveness of these materials, many 
methods have been used to test the restorative materials effect on biofilm formation, 
bacterial inhibition or bacterial viability (5-7). Prior to bacteria growth in studies, 
specimens must be sterilized and several techniques, including thermal, chemical, 
gas and ionizing radiation, have been used to prevent contamination.  However, in 
achieving this objective, it is important that the sterilization methods do not modify the 
surface of the material or leave a residue that may interfere with the assessment of 
the antibacterial effect.  
 Some techniques use high temperatures during the sterilization 
process, such as steam sterilization in an autoclave. The high temperature can 
increase the mechanical properties of cured composites with improved degree of 
conversion and reduction of unreacted monomers (8, 9) and, in conjunction with 
pressure and humidity, can lead to hydrolysis and degradation of the polymer (10, 
11).  Chemical sterilizer and disinfectant, such as glutaraldehyde, chloramine-T and 
70% ethanol, are also used frequently for decontamination of specimens. However, it 
is possible that these solutions may leave a residue on the surface that can lead to 
reduced bacterial activity, alter biofilm formation, or kill bacteria.  
Glutaraldehyde has biocidal activity from its alkylation of sulfhydryl, 
hydroxyl, carboxyl, and amino groups, which alters RNA, DNA, and protein synthesis 
within microorganisms. In addition, glutaraldehyde vapors are irritating to the eyes, 
nose, and throat, requiring careful handling (12). Chloramine-T (N-Chloro-p-
toluenesulfonamide sodium salt) is bactericidal and virucidal (13). Chloramine-T 
disrupts bacterial metabolism, inhibiting growth and destroying the DNA structure via 
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oxidation (14). According to Stief (2003), chloramine-T is well used for disinfection of 
drinking water, dialysate, or ice cream machines due to its lack of toxicity and 
antimicrobial power (13).  N-chloramines exhibit low toxicity and skin irritation (13, 
15). It is believed that alcohols can cause a membrane damage leading to cell lysis 
and a denaturation of proteins (16). However, alcohols have a lack sporicidal activity 
and are considered disinfectants, not recommended for sterilization (17).  
Sterilization with ethylene oxide (EtO) is also used for heat sensitive 
materials (14), however, the temperature of this process can vary from 40 to 55oC 
and may increase the degree of conversion of restorative materials (8, 18). Its 
microbiocidal activity comes from alkylation of protein, DNA and RNA, preventing cell 
metabolism and replication. This technique needs an aeration time to remove EtO 
residue, which is toxic and carcinogenic (14).  Farrugia, et al. (2015) stated that EtO 
affects the chemical and physical characteristics of some restorative materials (11). 
Gamma radiation can destroy or damage living cells (14), causes degradation of 
materials by increasing the temperature of the polymer, and leads to increase of the 
degree of conversion of resins (11, 18). 
UV light has biocide effects (UVC: wavelength between 200 and 280 nm) 
(19, 20) and is also used for the sterilization process, especially for heat sensitive 
materials (20). Unlike chemical products, chemical residues or byproducts are 
avoided, and light is nonpolluting and environmentally friendly (19). The inactivation 
of many microorganisms by UV light is established from the formation of dimers in 
RNA and DNA (19). When polymers are exposed to UV light, chemical and physical 
changes can occur (21, 22), and UV has been used to induce photochemical 
changes resulting in oxidation of the exposed surface, modification of the 
hydrophobic nature of polymers, and increase in surface energy (22).  
Under the null hypotheses that (1) the three techniques (UV light, 1% 
chloramine-T and 70% alcohol) requires 10 min to have effect, (2) the techniques 
does not interfere with the Streptococcus mutans growth and (3) the techniques does 
not interfere with chemical and physical properties of the resin composites, this study 
analyzed the time necessary to sterilize or disinfect the resin composite samples 
prior to antibacterial test, the effect on bacterial viability and bacterial metabolism, 
and the effect of these techniques on chemical and physical properties of the resin 
composites. 
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2 MATERIALS AND METHODS 
2.1 Sterilization/disinfection techniques and time: 
 Two experimental resin composites were made to analyze the 
difference between the sterilization/disinfection techniques (Table 1). One resin 
composite (RC) did not contain fluoride, and the second resin (RCF) had 250ppm of 
fluoride (sodium fluoride – J.T. Baker Chemical Co., Philipsburg, NJ, USA). The resin 
composites were placed in a 10 mm diameter x 2 mm thick mold and polymerized 
between two glass slides using a curing unit (Valo – Ultradent, South Jordan, UT, 
USA) with radiant exposure of 30 J/cm2 (20s each side, standard mode with light 
curing tip directly on slide) to obtain disk-shaped specimens. The procedure of 
specimen’s preparation was performed with clean materials (not sterilized) and the 
disks were maintained in a sterile 24 well plate. 
Table 1. Resin composite composition   
Material Concentration 
Bisphenol A Glycidyl Methacrylate (BisGMA) - Esstech, Inc., 
Essington, Pennsylvania, USA. Lot: 688-51 
15 wt% 
Tetraethylene Glycol Dimethacrylate (TEGDMA) - Esstech, Inc., 
Essington, Pennsylvania, USA. Lot: 736-51-04 
15 wt% 
Camphorquinone - Sigma Aldrich, St. Louis, MO, USA. Lot: 10726H0 0.6 wt% 
Ethyl 4-dimethylaminobenzoate (EDMAB) - Across Organics/Thermo 
Fisher Scientific, New Jersey, US. Lot: A0237872 
1.2 wt% 
Butylhydroxytoluene (BHT) - Sigma Aldrich, St. Louis, MO, USA. Lot: 
37H0294 
0.05 wt% 
0.7 µm barium borosilicate glass - Esstech, Inc., Essington, 
Pennsylvania, USA. Lot: 845-09 
65 wt% 
0.04 µm fumed silica – Aerosil® OX-50. Sun. Medical Co., Ltd, Japan. 
Lot: 1228059 3B 
5 wt% 
 
Three commonly used sterilization techniques: UV light radiation (Mercury 
vapor lamp with more than 90% radiation in 253.7 nm), 1% chloramine-T (Sigma 
Aldrich, St. Louis, MO, USA) and 70% ethanol, were chosen for evaluation. For 
chloramine-T and ethanol, each specimen was immersed in 5 mL of solution (n=4). 
For all methods, 1 min, 5 min and 10 min of decontamination were used.  UV light 
was also tested for 15 min, 1% chloramine-T for 24 h, and 70% ethanol was also 
tested for an initial 5 min, with a second immersion in a fresh solution for 5 more min. 
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A control group was also used with no decontamination to confirm if the sterilization 
was even mandatory before performing antimicrobial tests.  
 After the decontamination process, each sample was placed into a 24 
well plate with 2.8 mL of Trypticase soy broth (TSB- BBL™ Trypticase™ Soy Broth, 
BD diagnostics, MD, USA) supplemented with 3 wt% sucrose (Fischer Science 
Education, Hanover Park, IL, USA) and kept in an incubator at 37°C, 5% CO2 for 24 
h. After this period the turbidly was visually analyzed and 5 µL of each well was 
plated in Brain Heart Infusion Agar (BHIA - Hi-Media Laboratories, Mumbai, India) 
and Brain Heart Infusion + 5% blood Agar plate at 37°C, 5% CO2 for 48 h to confirm 
the efficiency of the decontamination process.  
  
2.2 Metabolic activity and proliferation of Streptococcus mutans (alamarBlueTM 
and bacterial viability): 
To analyze the influence of the sterilization/disinfection techniques on 
Streptococcus mutans (strain UA159) biofilm formation, the decontamination with 1% 
chloramine-T and 70% ethanol was divided into two groups: one with no wash and 
one with a wash in sterile deionized water. After the decontamination, the samples 
from the wash group were dipped three times in a well containing 2.8 mL of sterilized 
deionized water (one well for each sample). The lowest efficient time, 1 min (Table 
2), was used for all techniques.  
Overnight cultures of S. mutans grown in brain heart infusion (BHI) at 
37 °C in an incubator with 5% CO2 were measured for optical density at 600 nm 
(OD600) and then diluted to an OD600 of 0.4 – 0.6. A 1:10 dilution of the stock solution 
was incubated for 3 h in new BHI medium to obtain OD600 = 0.3, which represents a 
bacterial concentration of 9 × 107 CFU/mL based on previous calibration studies. 
TSB with 3 wt% sucrose was used as the culture media. The final dilution of 1:100 
subculture of S. mutans in TSB was placed in each well using a sterile pipette 
(2.8 mL). The resin composite disks (n=6), after the decontamination process, were 
placed at the bottom of the wells of 24 well culture plates containing the culture 
media with bacteria. The specimens were incubated in 5% CO2 at 37°C for 5 days, 
with the culture media being removed every 24 h and replaced with 2.8 mL of fresh 
culture media using a sterile pipette. After 5 days of growing the biofilm, the disks 
(n=5) were removed and washed in PBS 1x (dipped once in a well with 2 mL) and 1 
mL of 10% AlamarBlueTM (Thermo Fisher Scientific, Waltham, MA, USA) in TSB + 
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3% sucrose, was added to each sample in a new 24 well plate and incubated for 1 
hour. Subsequently, 200 µL of each sample was placed (in triplicate) in a 96 well 
plate and read using a 96 well plate spectrophotometer (fluorescence with peak in 
585 nm).  
After this procedure, each disk was placed in a 15 mL conical centrifuge 
tube with 5 mL of 0.89% physiological solution (NaCl). The biofilm was scraped from 
the disk using a sterilized spatula and the disk was removed. The biofilm in solution 
was sonicated for 15 s to obtain a dispersed solution. A serial dilution was performed 
and the dilutions of 10-4 and 10-5 were plated on BHIA to count the viable cells after 
48 h.  
One disk of each group, after the biofilm growth, was analyzed under SEM 
(Quanta 200, FEI Company, Hillsboro, OR, USA) using 100x magnification. The 115 
h old biofilms were washed in sterile 0.89% NaCl then fixed with a 4% glutaraldehyde 
solution (v/v) in phosphate buffered saline PBS, pH 7.4) for 24 h. Biofilms then were 
dehydrated in ascending ethanol concentration (50, 70, 90, and 100%), dried for 24 
h, and sputter coated with gold-palladium (Denton Vacuum Desk II - Denton Vacuum 
Inc., Moorestown, NJ, USA) 
 
2.3 Nuclear Magnetic Resonance Spectroscopy (NMR): 
The chloramine-T and ethanol solutions used for the decontamination 
process were collected, the solvent from these solutions was removed under rotary 
evaporation to constant mass, and 1H NMR (600 MHz, Varian, Palo Alto, CA) spectra 
was obtained (in DMSO-d6) to determine the composition of the sol fraction, and to 
identify any extracted monomers. Also, spectra were obtained from the ethanol, 
chloramine T, BisGMA and TEGDMA itself in DMSO-d6.  
 
2.4 Attenuated total reflectance Fourier transform infrared analysis: 
Disks of resin composites (n=3) were obtained by polymerizing the 
material between two glass slides in a 9 mm diameter and 2 mm thick mold. The 
disks were decontaminated using UV light, 1% chloramine-T and 70% ethanol. A 
control group with no sterilization process was included. Attenuated total reflectance 
Fourier transform infrared (ATR/FT-IR) spectroscopy was performed. The 
spectrophotometer (Nicolet Nexus 6700, Thermo Scientific) used transmitted infrared 
spectroscopy with frequencies between 650 and 4000 cm-1 (wavenumbers).  
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After ATR/FT-IR the samples were sputter coated with gold (Denton 
Vacuum Desk II - Denton Vacuum Inc., Moorestown, NJ, USA) and the surface 
analyzed with a SEM at 500x magnification to determine if any changes occurred on 
the surface of the resin composites after the decontamination process.  
 
3 RESULTS 
3.1 Sterilization/disinfection techniques and time: 
 For the plates, any growth was considered negative (not sterilized), and 
no growth was considered positive (sterilized). The same result was obtained for both 
plates (BHIA and BHIAB), as described in Table 2. 
 The control group showed growth on both plates, which confirm the 
necessity to perform decontamination prior to antimicrobial tests. For the three 
techniques, all tested times were sufficient to sterilize the resin composites, and the 
Table 2. Time of exposure for sterilization techniques. 
 
Sterilization technique 
 Resin composite (RC) Resin composite with fluoride 
(RCF) 
Time 
No 
sterilization 
- 
No 
sterilization 
- 
 
UV light 
1% 
chloramine-
T 
70% 
ethanol 
UV light 
1% 
chloramine-
T 
70% 
ethanol 
1 min + + + + + + 
5 min + + + + + + 
10 
min 
+ + + + + + 
5 min 
+ 5 
min 
Not tested Not tested + Not tested Not tested + 
15 
min 
+ Not tested 
Not 
tested 
+ Not tested 
Not 
tested 
24 h Not tested + 
Not 
tested 
Not tested + 
Not 
tested 
Negative (-):  growth. Positive (+): no growth.  
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shortest time, 1 min, was selected no analyze the effect of the decontamination 
process on the chemical and physical properties of resin composite and the 
subsequent biofilm formation. 
 
3.2 Metabolic activity and proliferation of S. mutans (AlamarBlueTM and 
bacterial viability): 
Metabolic activity and bacterial viability for the biofilms grown on the 
decontaminated surfaces were statistically analyzed using one-way ANOVA and 
Tukey’s test (α=0.05). For the RC both methods (metabolic activity and bacterial 
viability) showed significant differences (p<0.0001), however for RCF only the 
bacterial viability showed significant differences (p<0.0001). The metabolic activity 
was higher when the chloramine-T with no wash was used (Figure 1A) for the RC 
and a higher colony count was obtained for the chloramine-T with no previous wash 
for both resin composites (Figure 1B and 2B). No statistical difference was observed 
between the other groups for bacterial viability. A higher value of metabolic activity 
was also obtained for the chloramine-T with no wash for the RCF (Figure 2A) with no 
statistical difference (p=0.7503) from the other groups. No statistical difference was 
found comparing the resin composites for colony counting (p=0.1750) and for 
metabolic activity (p=0.4676). 
SEM images show a more highly dense biofilm on top of both resin 
composites when sterilized with UV light and chloramine-T with no wash. No 
difference is observed between the other techniques under SEM analysis. 
 
Figure 1. Biofilm of S. mutans for resin composite (RC). A: Metabolic activity. B: Bacterial 
viability. Groups having similar letters are not significantly different (p > 0.05). 
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Figure 2. Biofilm of S. mutans for resin composite + fluoride (RCF). A: Metabolic activity. B: 
Bacterial viability. Groups having similar letters are not significantly different (p > 0.05). 
 
Figure 3. SEM images of biofilm of S. mutans formed on top of the resin composite (RC). A: 
UV light. B: 1% chloramine-T. C: 1% chloramine-T with wash. D: 70% ethanol. E: 70% 
ethanol with wash.  
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Figure 4. SEM images of biofilm of S. mutans formed on top of the resin composite + fluoride 
(RCF). A: UV light. B: 1% chloramine-T. C: 1% chloramine-T with wash. D: 70% ethanol. E: 
70% ethanol with wash.  
 
3.3 Nuclear Magnetic Resonance Spectroscopy: 
The 1H NMR spectra from the monomers (BisGMA and TEGDMA), from 
the solvents used for decontamination (ethanol and chloramine-T) and their sol 
fractions from the resin composite and resin composite + fluoride, are shown in 
Figure 5A to 5H. Major 1H NMR signals are assigned to BisGMA and TEGDMA. The 
sol fraction from the 70% ethanol solution (Figures 5E and 5F): at δ(CH-aromatic) = 
6.98 ppm and 6.62 ppm, δ(CH2-methacrylate) = 6.06 ppm and 5.68, δ(CH2-pendant) 
= 4.31 ppm to 3.56 ppm, δ(CH3-methacrylate) = 1.89 ppm and δ(CH3 - aromatic) = 
1.52 ppm. Figures 5G and 5H, shows sol fractions from the 1% chloramine-T, with 
identified protons in the NMR signal attributed to chloramine-T: at δ(CH-aromatic) = 
7.51 ppm and 7.17 ppm, and δ(CH3) = 2.13 ppm. 
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Figure 5. 1H NMR spectra of (A) BisGMA, (B) TEGDMA, (C) Ethanol, (D) Sol fraction for 
resin composite from 70% ethanol solution, (E) Sol fraction for resin composite + fluoride 
from 70% ethanol solution, (F) Chloramine-T, (G) Sol fraction from resin composite from 1% 
chloramine-T solution and (H) Sol fraction from resin composite + fluoride from 1% 
chloramine-T solution. 
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3.4 Attenuated total reflectance Fourier transform infrared analysis: 
The ATR/FT-IR spectra of RC and RCF samples decontaminated with UV 
light, 70% ethanol and 1% chloramine-T, and also a control group (with no 
sterilization process), confirmed the presence of different bonds in the structure of 
monomers, and the presence of fillers, as shown in Figure 6A and 6B. The 
monomers (converted to polymers), BisGMA and TEGDMA, show a series of 
characteristic infrared bands around 2950 cm-1 assigned to C-H stretching, 1720 cm-1 
indicating C=O bond and C=C bending bonds, and aliphatic and aromatic C=C at 
1640 cm-1 and 1610 cm-1, respectively. Additionally, CH3 deformation was observed 
between 1450 cm-1 and 1380-1 (asymmetric and symmetric stretching).  The 
presence of Si-O-Si and Si-O bonds of the fillers were detected at 1100 cm-1 and 
1030 cm-1.  
Representative SEM images from the resin composites are shown in 
Figures 6 and 7. A surface modification was observed when the samples were 
decontaminated with 1% chloramine-T (Figures 7C and 8C) compared to the other 
groups. No difference was observed when the decontamination was performed with 
UV light or 70% ethanol, compared to the control group for both resins tested.  
 
Figure 6. ATR/FT-IR spectra. A; resin composite.  B:  resin composite + fluoride.  (i) control 
group, (ii) UV light, (iii) 70% ethanol and (iv) 1% chloramine-T. 
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Figure 7. SEM images of resin composite surface after sterilization. A: no sterilization. B: UV 
light. C: 1% chloramine-T. D: 70% ethanol. 
 
Figure 8. SEM images of resin composite surface after sterilization. A: no sterilization. B: UV 
light. C: 1% chloramine-T. D: 70% ethanol. 
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4 DISCUSSION 
 Restorative materials containing antimicrobial components or 
antibacterial monomers are being developed to inhibit secondary caries formation 
and restoration replacements (3, 4, 23). To test the efficiency of these antibacterial 
materials, restorative materials are being challenged against bacterial growth (4, 5, 
24). Prior to these types of tests, several sterilization techniques have been reported, 
with different sterilization process and duration. UV light sterilization was shown to be 
effective with 1 min of exposure, which can decrease the deleterious effect of 
chemical and physical changes induced in polymers by the sterilization process. For 
70% ethanol and 1% chloramine-T, 1 min in both solutions was effective against 
contamination, and the first null hypothesis was rejected. However, aqueous media 
are more likely to leach unreacted monomers, or to solubilize some of the restorative 
material compounds from the organic matrix (25). Resin composite materials are 
more prone to chemical alteration compared to inert metal or ceramic restorations 
(26).  
The qualitative analysis of the ATR/FTIR showed peaks characteristic of 
the monomers and fillers of the composites as expected. All samples had similar 
spectra before and after the different decontamination techniques. Further, the 
formation of new absorption bands was not observed, nor was there any loss of 
signal, which suggests that there was no chemical change of the material’s surface 
structure (27). Farrugia et al. (2015) found some band flattening for ATR/FT-IR using 
a longer period of decontamination (10 min) and sonication with 70% ethanol. 
Therefore, it may be that the time of decontamination used was not long enough (1 
min) in this study to cause changes in the chemical structure of the molecules of the 
resins tested. 
Sol fractions, analyzed qualitatively by 1HNMR, showed that the composite 
decontaminated with 70% ethanol leached more components compared to that 
decontaminated with chloramine-T rejecting the third null hypothesis. There was a 
chemical shift, when 70% ethanol was used, that is related to the spectra from the 
original monomers. The products identified from the ethanol disinfection suggests a 
mechanism involving the formation of hydroxyl radicals (OH·) released by 
methacrylate resin composites (BisGMA/TEGDMA), which react with ethanol 
molecules to produce free secondary radicals ethoxy (EtO·) (28, 29). This hypothesis 
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of formation of hydroxyl radicals, could explain the observed chemical degradation of 
resin composites disinfected with 70% ethanol solution. Lee S.Y., et al. (1995) states 
that the hydroperoxidation of the methyl group of a methacrylate, in the presence of 
oxygen and unreacted C=C double bonds, that decomposes to hydroxyl and acyl 
radicals (30, 31). The sol fractions from the resins decontaminated with chloramine-T 
presents a chemical shift that belongs to the used solution, not to the monomers. 
 Despite no monomer identification in the sol fractions from the 
chloramine-T decontamination, SEM images from the resin composites showed a 
significant change in the surface, which suggests that the mechanism of surface 
degradation was different than when ethanol was used. SEM images showed an 
increase in surface porosity for both resin composites decontaminated with the 1% 
chloramine-T, suggesting an attack of the silicon fillers. Chloramine-T behaves as an 
oxidizing agent (32) and hydrogen peroxide, widely used in dentistry for tooth 
bleaching, is also considered a strong oxidizing agent (33, 34). Cengiz, et al. (2016) 
noted an increase in surface roughness for resin composites when hydrogen 
peroxide was applied, accompanied by an increase in surface porosity under SEM 
analysis (33). The increase in surface roughness and porosity by oxidizing agents 
may be a result from the oxidative cleavage of polymer chains in resin matrix, which 
may cause a debonding failure between the resin matrix and inorganic fillers, leading 
to a loss of filler particles (33, 35).   
 Considering the greater irregularity on the resin surface after 
decontamination with chloramine-T, which would have the potential to increase the 
adherence of a biofilm (36), it was expected that both techniques (with wash and no 
wash) would have a higher bacterial viability. However, this increase is observed only 
when the chloramine-T had no wash previously to inserting the resin composite disk 
in media with bacteria, rejecting the second null hypothesis. The Alamar blueTM 
assay gives a measurement of bacterial metabolic activity, since the active bacterial 
cells reduce the non-fluorescent resazurin (blue) to the fluorescent resofurin (pink), 
which can be further reduced to hydroresorufin (37, 38). Specimens decontaminated 
with chloramine-T with no previous wash had a biofilm with higher bacterial 
metabolism for the RC. The average from the same technique for RCF had a higher 
value, but with no significant difference from the other groups. Considering the 
increase in bacterial viability and the higher average of fluorescence, it can be 
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suggested that the residue remaining on the composite surface after chloramine-T 
decontamination can interfere with bacterial metabolism.  
 Bedran et al. (2014) described the increase of biofilm formation of S. 
mutans when biofilm was treated with triclosan at a sub-MIC concentration. The 
upregulation of comC and luxS genes when S. mutans were grown in the presence 
of sub-MICs triclosan concentration has also been reported (39). Competence 
activation, controlled by a quorum-sensing mechanism in S. mutans UA159, has 
been shown to influence biofilm formation, stress tolerance and virulence (40). Also, 
Dong, et al. (2012) reported that chlorhexidine, tea polyphenols and sodium fluoride, 
in sub-MICs, may upregulate the expression of some S. mutans genes related to 
biofilm formation and promote S. mutans biofilm development (41).  Despite this 
possibility, an increase in biofilm formation was not confirmed in the SEM images in 
this study. The biofilm from the chloramine-T treated specimens did not differ from 
that on the composite sterilized with UV light.  However, the biofilm images grown on 
disk disinfected with 70% ethanol (with and without wash) and chloramine-T with 
wash presents a structure modification, which suggest that the solutions may change 
the biofilm organization, but as chloramine-T with no wash had a higher bacterial 
viability, the biofilm was able to present a structure similar to the biofilm from UV light 
group. Also, fluoride addition to the composites did not show an antimicrobial activity 
in this study. The amount of fluoride release from composite resin is smaller than 
from glass ionomer cements and may be too small to present an antibacterial effect 
(23).  
 
5 CONCLUSION 
  The sterilization with UV light for 1 min resulted in the least deleterious 
effects, as no chemical and physical degradation of the surface was detected, and no 
interference in subsequent biofilm formation. 
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APÊNDICE 2 
1 Overall degree of conversion (DC) and curing kinetics.  
The experimental dental resin composites, resin cements and adhesive 
systems were placed in a silicon rubber mold (5 mm in diameter × 2 mm in thickness 
for resin composites and 5 mm x 0.5 mm for resin cements and adhesive systems) 
sandwiched between two glass slides and then clamped in a holder inside the IR 
chamber (Nicolet Nexus 6700, Thermo Scientific). The peak area correspondent to 
the vinyl stretching absorption in the near-IR spectrum (6165 cm-1) was followed 
during continuous irradiation with the light-curing unit (Valo, Ultradent) for 1 min, 
taking one spectrum per second (2 scans/spectrum) at 4 cm−1 resolution. Data 
collection was continued for 300 seconds, and each test condition was replicated 
three times (n = 3). DC was calculated by the following equation: 
DC(%) = {1 – (peak area [polymerized]/peak area [unpolymerized]} x 100. 
 
1.1 Degree of conversion: 
Table 1. Overall degree of conversion of dental adhesives (mean 
± SD). 
 Clearfil S3 Bond Plus OptiBond S 
No addition 98.7 % (0.3) a 92.9 % (0.6) b 
Api  97.9 % (0.2) ab 95.6 % (0.5) a 
Far  97.6 % (0.4) b 89.3 % (0.3) c 
Api + Far  97.6 % (0.4) b 93.0 % (0.8) b 
Anova one way and Tukey’s test. Means having similar letters are not 
significantly different (p<0.05).   
 
Table 2. Overall degree of conversion of resin composite and 
resin cement (mean ± SD).    
 Resin composite Resin cement 
No addition 71.7 % (0.6) a 68.3 % (0.1) b 
Api  69.9 % (0.3) b 69.8 % (0.5) a 
Far  70.6 % (0.5) ab 69.8 % (0.2) a 
Api + Far  69.9 % (0.3) b 69.0 % (0.2) b 
Api + Far + F 70.5 % (0.6) ab  69.9 % (0.2) a 
Anova one way and Tukey’s test. Means having similar letters are not 
significantly different (p<0.05).   
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1.2 Curing Kinetics: 
 
Figure 1. Curing Kinetics. (A) Clearfil S3 Bond Plus. (B) OptiBond S.  (C) Resin 
composite. (D) Resin cement.  
 
 
 
2 Nuclear Magnetic Resonance Spectroscopy 
The curing disks obtained after curing kinetics assay were left in 8 ml of 
water for 7 days. The water, after this period, was removed under rotary evaporation 
to constant mass, and 1H NMR (600 MHz, Varian, Palo Alto, CA) spectra was 
obtained (in DMSO-d6) to determine the composition of the sol fraction, and to 
identify any extracted compounds. Also, spectra were obtained from the Apigenin 
and tt-Farnseol itself in DMSO-d6.  
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Figure 2. 1H NMR spectra of Clearfil S3 Plus and the compounds. (a) No addition. (b) CS3 + 
Api. (c) CS3 + Far. (d) CS3 + Api+Far. (e) Api. (f) Far. Lines above the peaks indicate 
possible relation to the extracted compounds. 
 
Figure 3. 1H NMR spectra of Optibond S and the compounds. (a) No addition. (b) OPT + Api. 
(c) OPT + Far. (d) OPT + Api+Far. (e) Api. (f) Far. Lines above the peaks indicate possible 
relation to the extracted compounds. 
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Figure 4. 1H NMR spectra of resin composite and the compounds. (a) No addition. (b) 
CO + Api. (c) CO + Far. (d) CO + Api+Far. (e) CO + Api+Far+F. (f) Api. (g) Far. Lines 
above the peaks indicate possible relation to the extracted compounds. 
 
Figure 6. 1H NMR spectra of resin cement and the compounds. (a) No addition. (b) CE + 
Api. (c) CE + Far. (d) CE + Api+Far. (e) CE + Api+Far+F. (f) Api. (g) Far. Lines above the 
peaks indicate possible relation to the extracted compounds. 
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